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Sampling;  preparation  of  the  sample  for  analysis,  1216-1218.  Methods  of  analyus 
— moisture,  ash,  volatile  combustible  matter,  volatile  sulphur,  turbidimelric  sulphur 
table,  fixed  carbon,  calorific  value,  calculation  of  B.t.u.,  standardiialion  of  the  i-alori- 
meter,  1218-1227.     Determination  of  fusibility  of  coal  ash,  1228.     References,  1229. 


GAS  ANALYSIS 

AU0D9TU9  H.  Gill,  Ph.D. 
pToJeuor  of  Techniad  AaalysU,  Maasachuaetls  Inatibde  of  Teehnologjf 

Sampling — tubes,  pumps,  containers  for  samples,  1231-1233.  Measuremeut  of 
gu  in  large  quantilics — wet  and  dry  meters,  Pitot  tube  or  Davis  anemometer,  rotAm- 
eter  or  Thorpe  gauge,  capomctcr,  Thomas  electric  meter,  orifice  meter,  anemometer, 
1233-1230.  Meaauremcnt  of  gas  in  small  quantities — gas  burettes,  Hempel  Orsat 
and  EMot  burette,  separatory  funnel  and  i^nuiual^;,  1236,  Absorption  apparatOB,  tubes 
and  pipettes,  1237.  Examination  of  the  gases — detection  and  determination  of  the 
various  gases,  tables,  123S-1241.  Analysis  of  gaseous  mixlurce — analysis  by  means  of 
the  Orsat  apparatus,  determination  of  carbon  dioxide,  oxygen,  carbon  monoxide, 
hydrocarbons,  notes  on  manipulation;  Elliot  apparatus,  detcmunalion  of  cufoon  dioxide, 
oxygen,  earbon  monoxide,  notes;  Hempel  apparatus,  determination  of  oxj'gen  in  air — 
(1)  by  phosphorus,  (2)  by  pyrogaJlatc  of  potassium,  (3)  by  explosion  with  hydrogen; 
analysis  of  illuminating  gas — carbon  dioxide,  illuminants,  oxygen,  carbonic  oxide, 
methane  and  hydrogen,  (a)  Hinman's  method,  (b)  Hempel's  method;  nitrogen,  notes, 
1241-1251.  AppUcalionH  of  gas  analysis  and  interpretation  of  results— I.  Chimney 
and  flue  gases— <^arbonic  acid  indicators,  determination  of  temperature,  composition 
of  the  coal,  tables,  smoke,  1352-1255.  II.  Producer  and  fuel  gases,  blast-furnace  gas — 
analysis,  dust  in,  1255-1256.  III.  Illuminating  gas,  candle-iK)wer,  calorific  power, 
sulphur,  HpS,  ammonia,  naphthalene,  carbon  dioxide,  specific  gravity,  tar,  1256-1204. 
IV.  Sulphuric  acid  gaae8^(ii)  burner  gases — sulphur  dioxide  in  inlet  and  exit  gasca, 
Reich  method  for  SOj,  absorption  of  SO,  in  chromic  acid  solution;  ('i)  nitrogen  oxides, 
1264-1270.  V.  Mine  Rases,  1270.  VI.  Electrolytic  gases,  1271.  VII.  Acetylene, 
1271.  Almospheric  air  moisture,  carbon  dioxiile,  oEOne,  carbon  monoxide,  bacteria, 
1272-1274.  Determination  of  moisture  in  gases,  1275.  Determination  of  nitn^en  by 
the  nitrometer,  1276.  ReagenU  and  tables,  1278-1282.  Determination  of  traces  of 
sulphur  dioxide  in  air,  1283-1286.     Vapor  in  air  with  ehartfl,  12S7-1288. 

DETERMIRATION  OF  BITUHINOnS  SUBSTANCES.    INCLUDING 

ASPHALTS,  TARS  AND  PITCHES 

Herbert  Abraham,  B.S.  of  Chemistry 

Standard  Paint  Company,  t/.  Y. 

Pabt  I.  Classification  of  bituminous  substances,  1289.  Chemical  composition  of, 
I2S9.  Tabic  I.  1290.  General  remarks,  1292.  Examination  of  Crude,  Refined  and 
Blended  Bituminous  Substances,  1294.  Table,  1294,  Physical  characteristics,  1305- 
1307,  Fracture;  streak  on  porcelain;  specific  gravity— hydrometer  method,  Westphal 
balance  method,  pycnomelcr  method,  1205-12fl6.  Viscosity  Engler  metho<l,  float  lest,  ' 
1296.  Hardness  or  constancy;  needle  penetrometer;  consist ometer;  susceptibility 
factor,  129S-1302.  Ductility,  1302.  Dow  test,  1302.  Abraham's  test,  1304.  Heat 
tests,  fusing  point,  1305,  Kramer->Sarnovv-  method,  subslances  fusing  below  194°  F., 
substances  fusing  above  194°  F,,  1305-1307.  Ball  ring  methotl,  substances  fusing 
bekiw  194°  F,,  substances  fusing  above  194°  F.,  1308.  Cube  method,  1309.  Pilchos 
fusing  below  and  above  170°  F,,  1.309-1311,  Volatile  matter,  1312.  Flashpoint.  1314, 
Pradiy-Martcns  dosed  tester,  1314,  New  York  Stale  or  Elliot  tester,  1315,  Fixed 
rubon,  distillation  test,  flask  method  of  distillation;  retort  method  of  distillalinn,  1315^ 
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1316.  Solubility  id  carbon  dieulpbidc,  1317.  Garbencs,  1318.  Solubility  in  88°  petro- 
leum ether,  1319.  Chcmicd  teeta — water,  1320.  Substances  distillinR  at  hiich  temper- 
atures, 1321,  OxyRcn  in  non-mineral  mailer,  1321.  Free  carbon  in  tars,  1322.  Solid 
paraRines,  1322.  Sulphonation  residue,  unsaponifiable  and  saponifiablc  mallcre,  1323- 
1324.  Diazo  reaction,  1324.  ^VnthraquiDone  reaction,  1329.  Synoptical  table  of  the 
most  important  distin (fishing  charactcrlKtirs  of  biluminouH  substnnrcH,  132&-1327. 

Part  II.  Examination  of  Bitumini^ed  Mineral  Aggxcgntoe,  1328.  Phj-slcal  testa 
of  flniahcd  piixiuct,  1328.  Tensile  strength,  eompreesivc  slrcnKth,  impact  test,  distor- 
tion under  heat,  1328-1330.  Separation  of  the  Bituminous  niallcr  anil  mineral  aggre- 
gate, 1330.  Forrest's  hot  extraction  method,  centrifugal  method,  recovery  of  extracted 
bituminous  matter,  recovery  of  mineral  aggregate,  1330-1332.  Examination  of  neparatod 
bituminous  matter,  1332.  Examination  of  separated  mineral  matter— granularmetric 
onaljais— for  sand  or  olher  fine  highway  material,  for  broken  stone  or  broken  slag,  for 
R.and  with  atone,  1333.  Elutriation  test  for  sand  or  line  tiller,  1334.  Specific  gravity — 
for  aggregates  whose  particles  leas  than  one-fourth  inches,  and  more  than  one-fourth 
inch,  1334.  Chemical  analysis — mineral  conslituenfJ} — white  pigments,  yellow,  red 
or  brown  pigments,  1335. 

Part  III.  Examination  of  Bituminised  Fabrics,  1336.  Table,  1336.  Physical 
tesls — weight,  pliability,  thickness,  strength,  resiBtanee  to  heat,  resistance  to  dampness, 
te8:s!ance  to  water,  resistance  to  electrical  current,  1337-1338.  Sgiecial  tests  for  ad- 
hesive insulating  tape,  1339.  Resistance  to  weather,  1339.  Scpamtion  of  finished 
product  into  its  component  parts,  1339.  Separation  of  bituminous  matter,  mineral 
matter  and  fibrous  matter,  1339.  Single  layered  fabrics,  1339.  Saturated  only  or 
coated  only,  saturated  and  coated,  1339.  Also  laminated  fabrics,  1339-1341.  Weight 
per  100  sq.  ft.,  detached  mineral  matter,  dry  fell ,  and  burlap,  total  mineral  and  bitum- 
inous matter,  bituminous  saturation  in  the  felt,  weight  of  bituminous  matter  in  coalings, 
fine  mineral  matter  In  coatings,  nature  of  bituminous  matter  of  coatings,  1342-1343. 
Examination  of  separated  fabric  weight;  thickness;  strength  methods;  ash,  fibres  present, 
1344.     Ksamlnatlon  of  separated  bituminous  coatings  and  mineral  surfacing,  134S. 

Paht  IV.  Examination  of  bitumiaous  solvent  compositions — cements,  paints, 
varnishes,  etc.,  134G.  Physical  tests  of  finished  product,  specific  gravity!  viscosity, 
spreading  capacity,  drying  properties,  covering  power,  exposure  test,  1346.  Sej)aration 
of  finished  product  into  i(s  component  parts — solvent — rapid  method,  for  determining 
pereentagc  of,  method  for  recovery  and  Identification  of  solvent,  1347.  Pigment  filler, 
1347.     Base,  1347.     Method  for  onalj-sis  of  base.  1348.     Tables,  1348-1349. 

Part  V.    Examination  of  bituminous  emuUlona,  1349. 

Valuation  of  shale  for  shale  oil,  method  of  the  Colorado  School  of  Mines,  by  Al- 
bert H.  Low,  136a 


L.  E.  Salas,  M.A.,  B.Sc. 
Analytical  and  Research  Chemist,  London,  England 
Introductory, — function,  essential  constituent,  formula  for,  rubber  a  colloid,  1351- 
1371.  Examination  of  Raw  Rubber — technical  analysis;  laboratory  samples;  tacki- 
ness; commercial  evaluation,  1352-1353.  Analysis  of  Crude  Itubbcr — moisture; 
resin;  ash;  resin  conlaining  nibber;  insoluble;  protein,  1353-1354.  Rubber  Pro|>er — 
(a)  Spcnce's  method;  (b)  E>rcdpitation  inetho<l;  (r)  As  tetrabromide,  Budde's  method; 
(if)  N'ifroclte  method  (Alexander).  General  remarks,  13.'i5-1356.  _  Fillers,  organic- 
vulcanization;  the  organic;  factlcc,  1357.  Analysis  of  faetlce — mnlslure,  acetone 
extract,  total  sulphur,  sulphur'in  the  fatty  acids,  saponifiable  matter,  acidity,  ash. 


1356-1358.  Rubber  waste  and  reclaim,  1358.  Bitumen  and  Fitch.  Asphaltum. 
Analysis — osphaltenon,  softening  point,  oarbon  in  coal  tar  pitch,  135S.  Rubber  waste 
and  reclaim,  1358.  Fillcre  (inorgauie) — inlrodut-tory,  red  lead,  magnesia,  baiytes, 
ultramarine,  whiting,  Biltra,  tali',  aabesttui,  zinc  oxide,  antimony  in  rubber  goods,  zino 
sulphide,  determination  of,  antimony  sulphides,  rouge,  vermilion,  lamp  blaek,  bone 
blaek,  magnesium,  lime,  zinc  eompounds,  ftonen  of  sulphur,  sulphur  chloride,  etc., 
1359-1361.  Examination  of  solvents,  1361.  Vulcanized  Rubber— properties  of 
manufactured  rubber,  spcrifin  gravity,  chiof  methods  of  vulcanization,  coefficient  of 
vulcaniialion,  1362.  Anolyab  of  Vulcanized  Rubber— preparation  of  sample,  out- 
line table  of  sepaniliona,  acetone  extraction,  free  sul|>hur,  thiocyanate  method,  oxida- 
tion method;  the  remdue  from  acetone,  alcoholic  KOH  extraction,  the  coefficient  of 
vulcaniialion,  total  combined  sulphur,  Henrique's  method,  the  isolation  of  the  solid 
compounding  materials,  mineral  matter,  solvent  method,  tolal  sulphur,  chlorine, 
1363-1307.  Examination  of  the  rubber  (Htlbncr's  melhod),  1367.  Analysis  of  rub- 
ber Bolutions — ebonite,  determination  of  antimony  and  mercury  in  rubber  goods, 
1367.  Analjsia  of  Mechanical  Goodd — acetone  extract,  free  suliAur,  tolal  sulphur, 
tbinenstein's  method,  ash,  sulphur  of  ash,  sulphide  sulphur.  Alternate  scheme  for 
rubber  analysis— table,  1368-1369.  Guttapercha  and  Balita— samplinKJ  analysis — 
in,  Cutta:  rapid  method,  dirt,  Ponlio's  methwl,  (he  residue,  1369-1371. 


Proftttor  (ff  Clieinieal  Engitteering 
Ordnance  School  of  Applicalion,  U.  S.  War  Depl.  Alifriktn  Proeing  Ground. 
Introduction.  Black  powder — sampling,  moisture,  nitrates,  sulphur,  charcoal,  ash, 
calculation  of  results,  1372-1373.  Nitroglycerin  Dynamites  "straight"  dynamite — sam- 
phng,  qualitative  examination,  moisture,  extraction  withe(her,r<;flux  condenser  method, 
auction  mcthoil,  evaporation  of  ether  extract,  nitroglycerin,  sulphur,  resins,  oils,  etc., 
estmetion  with  water  and  determination  of  nitrafex,  extraction  with  acid,  iielcrminalion 
of  starch,  insoluble  residue  and  oah,  1374-1379.  Ammonia  dynamite,  gelatin  <lynamile, 
analysis  nitrocellulose,  1370-1381.  Low  freezing  dynamite,  moisture,  nit  rot  olucnes,  rood- 
iHed  Kjeldahl  method  for  nitrogen,  separation  of  nitro-conipounds  from  nil roglyrerin, 
nitrosugars,  nilrochlorhytlrines,  ntlropolyglyccrin,  1381-13S3.  Pemiifwible  explosives, 
13S4.  Some  compounds  of  low-flame  ex]>loHivea,  qualitative  analysis,  test  for  nitro- 
■tari'h,  test  for  chlorides,  chlorates,  perchlorates.  Mei'hanical  separation  of  solid 
inKredienta — by  screening,  by  specific  gravity  separations.  Moisture,  extraction  with 
ether,  extraction  with  water,  nitrates,  chlorates,  perchlorates.  Gum  Arabic,  sugar, 
extraction  with  acid,  extraction  with  acetone,  nitrocelhilose  and  nilrostorch,  insoluble 
residue  and  ash,  1384-1389.  Nitrostarch  explosives — general  nature,  moisture,  extrac 
tion  with  pclroleumc  ther — oils,  sulphur,  etc.,  extraction  wilh  water — nitralei",  guiiip, 
etc.,  insoluble  residue — nilroslorch,  charcoal,  cereal  products  etc.,  starch,  nitroatarch, 
charcoal,  1389-1301.  Trinitrotoluene  (T.N.T.)— solidification  point,  ash,  moisture, 
insoluble,  acidity,  nitrogen,  1301.  Picric  acid — soliiiifinilion  point,  inoiNlure,  sulphuric 
acid,  aah,  insoluble  in  water,  soluble  lead,  nitric  acid,  1392-139;t.  Animonium  picratc — 
moisture,  sulphuric  acid,  nitrates,  aah,  nitrophenols,  13*1-1394.  Tetryl  tnelting  point, 
Bwisture,  acidity,  insoluble  in  acetone,  ash,  sodium  salts,  1394-130-').  Mercury  ful- 
minates— preparation  of  the  sample,  mercury  fulminate  contest,  acidity  insoluble 
matter,  free  mercury,  chlorides,  1305-1396.     Blasting  caps  and  electric  detonators^ 
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prepanttion  of  the  sample,  moisture,  aiuJysiB  o(  compoeition  containii^  mercury  ful- 
minate and  potassium  chlorate,  analyeiB  of  compositions  contaiaing  nitrocompounds, 
1396-1397.  Primers — variations  in  compoailion,  types  of  primer  composilions — table, 
preparation  of  the  sample,  qualitative  examination,  quantitative  examination,  1398- 
1399.  NitroceliuloBC,  general,  preparation  of  the  sample,  nitrogen,  solubility  in  ether- 
alcohol,  (a)  guncolton,  (b)  pyrooellulosci  solubility  in  acetone;  ash;  stability  test — 
heat  test  with  potassium  iodide  Btorch  paper,  stability  test  at  135°  C;  preparation  of 
methyl  violet  teet  paper,  1399-1403.  Smokeless  powder,  1404.  Nitrocellulose  powders, 
moisture  and  volatiles,  diphcnylamine,  ash,  solubility  in  ether-alcohol,  solubility  in 
acetone,  solubility  test  at  135°  C.,  stability  test  at  115°  C,  "surveillance"  test  at  65.6' 
C,  nitrt^n,  1404-1406.     Nitroglycerin  smokeless  powders,  1407. 

WATER  ANALYSIS 
D.  K.  French 

Director  of  the  Laboralory,  Dearborn  Otemieal  Company 
General  considerations,  1409.  Sanitary  analysis — organic  nitrogen;  chloride; 
oxygen  consumed;  physical  test — turbidity,  color,  odor — hot  or  cold;  tast«,  1410-1411. 
Chemical  tests — free  ammonia,  albuminoid  ammonia,  organic  nitrogen;  nitrogen  as 
nitrite;  nitrogen  as  nitrate  by  phcnotsul phonic  acid  method  and  by  aluminum  reduc- 
tion; OJiygen  consumed;  chlorine  as  fhtorid(«;  total  solid  residue,  1412-1418.  Inter- 
pretation of  results,  1419.  Mineral  analysis — general  considerations,  outline  of  pro- 
cedure, sili<'a,  manganese  and  |ihoephoric  acid;  iron  and  alumina  gravimetric;  iron 
eolorimclric,  ferrous  iron  colorimetric;  phosphates,  calcium,  magnesium,  man^nese — 
Knorre's  persulpliate  method,  sodium  bimnuthalc  method  for  manganese;  sulphates — 
benzidine  method;  sodium  and  potassium;  alkalinity,  acidity,  free  carbonic  acid; 
chlorine;  nitrates;  ammonia  and  its  com|>ounda;  total  mineral  residue;  hydrogen 
sulphide;  oil;  dissolved  oxj-gcn  by  Winkler's  method,  1421-1433.  Methods  for  deter- 
mining small  amounts  of  lead,  zinc,  copper  and  tin,  1433.  Hardness,  preparation  of 
solutions,  magnesium  chloride,  calcium  sulphate;  lime  and  soda  value,  1434-1437. 
Methods  of  reporting  and  interpretation,  1438.  Water  softening,  foaming  and  priming, 
corrosioh,  scale,  irrigating  waters,  hypothetical  combinations,  1439-1441.  Field 
assay  of  water,  1441. 

SAOTTAKY  ANALYSIS  OF  WATER 
F.  E.  Hale 
Dmebtr  of  I-aboratories,  Water  Suppty,  (las  and  EUctricilj/,  New  York  City 
Microscopicid  Examination  of  WatiT  Suppli/ 
introductory,   1442-1444,     ^mpling,   1444.     Sedgwick -rafter  method  of  examina- 
tion, 1446.    Tabular  outline  identification  of  forma,  list  of  oi^anisms,  144S-1461, 
Control  of  microscopic  organisms,  1451-14.^.     References,  1453. 

BACTERIOLOGICAL  EXAMINATION  OF  WATER 
F.  E.  Hale 
Introductor}-— ^ami^ing,  1454.  Apparatus  required,  1455.  Preparation  of  culture 
media;  sterilization,  nutrient  broth,  sugar  broths,  nutrient  gelatine,  nutrient  agar, 
litmus  or  azolitmin  solulion,  lit raus-lai! lose  agar,  Endo's  medium,  briDianl -green  lactose 
peptone  bile,  Hesse  agar,  Russell  media,  14.)0-1460.  Examination  of  water  for  total 
bacteria,   1461.     Examination   for  It.   coli,   14G2.     Subclasaifi cation  of   B.  coli,   1463. 


Summuy  of  steps  ia  exttmiiutiaii,  1464.  Routine  procedure  for  examination  of  samples 
of  water,  1465.  Examination  for  B.  Typhi,  Wtdol  test,  Rusaell  media,  1467-146S 
Referenceo,  1468. 

HETHODS  FOR  THE  DETERHINATIOR  OP  SOLUBILTIT 

Athbrton  Seidell,  Ph.D. 

Hygitnie  Laboralary,  U.  S.  I'uhlU:  Heallh  Service,  WaahirtgUm,  D.  C. 

Introdu(*tion,  1466.  Apparatus  (or  the  dct<!rniinalion  of  Ihe  solubility  of  aolids  by  the 
analytical  method,  1470-1479.  Separation  or  oaturatcd  solution  from  undissolved  solid, 
14S0.  Analysis  of  the  saturated  solution,  identification  of  the  solid  phase,  transition 
temperatures,  synthetic,  method,  freezing  point  method,  volume  change  method, 
tiimiiun  method,  distribution  coeffic'icntH,  electrolytic  conductivity  method,  147&-1487. 
The  solubility  of  gases  in  liquids,  14S7-1490. 

STANDARD  METHODS  OF  SAHPUHG  SOUDS,  UQUIDS,  GASES 

J.  B.  Bahnitt 

Ckiff  Chemist,  General  ChcmkrA  Company 

Metbodb  for  Samplikg  Solids, — General  outline.  Introduction.  Sampling  unit; 
collertion  of  the  poss  sample;  ear  loud  lots,  wheel  barrow  lot«,  hafifi,  b:irrels,  etc.; 
enuip  buejci't  lots,  carls,  shoots,  etc.;  shiploads,  storage  piles,  1491-1403.  Sampling 
of  powdered  material;  samjiling  wet  material;  sampling  deliquescent  materials;  kilns, 
roasteni,  dryers,  furnaces,  non-ferrous  metals  and  alloys,  etc,  14D3-14BG.  Procedure 
for  nducing  the  fcrose  sample,  1406.  RcduHion  of  the  groes  sample,  long  pile  and 
altpmatc  method.  Cone  and  quartering,  149T-IS0O,  Apparatus  for  rcduiiion  and 
preparation  of  thesaniplc — cruHhers,  grinders,  1499-1503.  Mixing  and  dividing  sample; 
the  use  of  standard  sieves,  1504-1506.  Containers  for  shipment  lo  laboratory;  drying 
ovens  for  moisture  detemiinalion;  references,  1506-1508. 

Sampliko  Liquids, — General  outUne  for  eamphng  liquids,  1508.  Sampling  liquids 
in  quiescent  state,  1509.  Sampling  liquids  in  molion.  Samjiling  special  liquids, 
1al3.  Liquids  containing  insoluble  matter  in  suspension;  liquids  composed  of  immi- 
scible layers;  liquids  containing  crj-stals  due  to  supersaturatioo;  volatile  liquids, 
1511-1513.     References,  1513. 

Sampling  Gabes, — General  outline  for  sampling  gases,  151!).  General  conei<lcra- 
lions  and  apparatus — sampling  tubes  for  drawing  samples  from  gases  flowing  through 
[HIH1',  collecting  a  r^resentAtlve  sample,  Ihe  design  of  ajiparatus,  1516.  Taking  a 
"grab"  sample;  taking  a  continuous  sample,  apparatus  and  methods  of  aomphng, 
1517-lSie.    References,  1510. 

MISCELLANEOUS 
W.  W.  Scott,  Editor 

Alcobol— deteetion  and  estimation  of,  specific  gravity  and  evaporation  methods, 
1521-1522.  Analysis  of  grain  alcohol,  clhyl  alcohol;  non-volatile  residue;  acidity  as 
acetic  arid;  aldehydes,  quahlative  and  quantitative  determinations;  furfural;  esters; 
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VOLUME  II 


ACIDIMETRY  AND  ALKALIMETRY 

Wilfred  W,  Scott 

The  volumetric  detennination  of  a  free  acid  or  a  free  base  may  be  aocotn- 
plished  with  rapidity  and  accuracy  by  rteutralization  with  a  Icnown  quantity  of 
standard  base  or  alkali  as  the  case  may  require.  The  point  of  neutralization  or 
"end  point"  is  accertained  by  means  of  certain  compounds  called  indicators, 
which  have  a  diiTerent  color  in  acid  solutions  than  in  alkaline  solutions,  the 
point  of  transition  from  one  color  to  the  other  occurs  at  the  point  of  neutraliza- 
tion. This  end  point  may  also  be  recognized  by  the  electro  metric  method  by 
measuring  the  change  of  potential  that  occurs  with  the  change  of  concentration 
of  the  hydrogen  ions  in  the  solution.  This  potential  change  is  usually  lai^e 
and  abrupt  at  the  end  point.' 

Indicators.  The  change  of  color  of  indicators  is  attributed  to  a  rearrange- 
ment of  atoms  in  the  molecule  or  to  the  fact  that  in  certain  cases  the  ions  have  a 
different  color  than  the  undisaociated  molecule.'  In  making  addimetric  or 
alkalimetric  titrations  it  must  be  remembered  that  the  choice  of  indicators  is 
important.  In  titrating  phosphoric  acid,  for  example,  methyl  orange  and 
phenol  phth  ale  in  indicate  decidedly  different  end  points.  This  difference  'in 
indicators  is  shown  in  the  following  table  by  Thompson.*  The  numerals  refer 
to  the  number  of  atoms  of  hydrogen  displaced  by  monatomie  metals,  such  as 
sodium  or  potassium,  when  the  indicator  shows  the  neutral  point. 
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Pbcolpbtbutdii 

Utmiu 

Nmme 

FormuU 

Cold 

Hot 

Cold 

Hot 

HNO. 
■^ 

h,'p6;' 

HiAsO* 

"h« 

H^iO, 
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HCHtO. 
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Hydrosulphuric 

0 
0 

Nitroua 

2 
1  nearly 
1  nearly 

2 

1 
2 

Tartaric 

■  J.  C.  Hostetter  and  H.  S.  Roberta,  J.  Am.  Chem.  Soc.,  41,  1337  (191fl). 

•  Theory  of  indicatora— Scientific  Foundations  of  Analytical  Cheroiatry  by  McGowan 
K'addetl,  J.  Phye,  Chem.,  2,  171,  1898.  Sticglitz,  J.  Am.  Chem.  Soc.,  26,  1112,  lfl03; 
Am.  Chem.  J.,  42,  115,  IQOS.  Hewitt,  Analyst,  33,  S5,  1908.  Noyea,  J.  Am.  Chem. 
Sor..  32,  815,  1910.     Thorpe  Dictionary  of  Anphpd  ChemiBtry,  Vol.  1^34-37. 

■  Volumetric  Analysia,  Sutton,  Tenth  Edition,  page  44.    R.  T.  Thomson,  J.S.C., 
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ACIDIMETRY  AND  ALKALIMETRY 


There  are  two  Reneral  classes  of  indicators;  (n)  Those  highly  sensitive  to 
weak  acids.  In  this  cltwa  we  have  phenolphthalein,  turmeric,  rosalic  acid. 
(b)  Those  insenBitive  to  very  weak  acids,  such  as  carbonic,  hydrosulphuric, 
boric  acids.  AmonK  this  list  are  methyl  orange,  methyl  red,  lacmoid,  cochineal, 
iodeoHin.     These  indicators  are  specially  sensitive  to  bases. 

Methyl  orange,  methyl  red,  phenolphthalein,  lacmoid  and  litmus  are  the 
most  commonly  used  indicators  for  acidimetry  and  alkalimetry.  The  following 
table  shows  the  best  conditions  for  the  use  of  each: 


Condition  of  Kol«tion 


General  Use  in  Titration 


Cold  solution  Hydrates,  carbonates,  bicarbonates,  sul- 

only.  phidcs,  anenites,  silicates,  borates  of  sodium 

potassium,  ammonium,  calcium,  m^^e- 
sium,  barium,  etc. 

Cold  solution  Kspecially  adapted  for  titration  of  weak 

only.  bones  such  as  NH,OH. 

Cold  solutions.  Alkaline  hydrates,  the  mineral  acids, 
organic  acids,  e.g.,  oxalic,  citric,  tartaric, 
acetic.  The  inclicaUir  very  sensitive  to 
acids  and  adapted  to  titration  of  weak  acida 
— carlwnic  acid,  etc. 

Hot  solutions.  The  indicator  is  sensitive  in  hot  solu- 

tions to  the  above.  It  is  generally  used  in 
hot  solutions  for  titration  of  acids  com- 
bined with  comparatively  weak  baeee. 

Cold  solutions.  Hydrates  of  Na,  K,  NHi,  Ca,  Ba,  etc. 
Silicates  and  arsenates  of  Na  and  K, 
HNO,,  H,SO.,  HCI  and  H,C,0.. 

Hot  solutions.  In  addition  to  above  omtral  and  acid 

carbonates  of  K,  Na,  Mg;  the  sulphidea 
an<l  silicates  of  Na,  K. 

Cold  solutions.  The  alkaline  and  alkaline  eartii  hydrfttee, 

the  arsenates,  borates,  mineral  acids,  many 
salts  of  metals  which  are  acid  to  litmus  and 
neutral  to  lacmoid,  e.g.,  sulphates  and 
chlorides  of  iron,  copper  and  sine,  hence  of 
value  in  determining  free  acida  in  their 
presence. 

Hot  solutions.  In  addition  to  the  above,  carbonates 

and  bicarbonates  of  K,  Na,  Ca,  Sr,  Ba,  etc. 

In  general,  methyl  orange,  methyl  red  and  lacmoid  are  especially  sensitive  to 
bases,  but  not  so  senHitive  to  acids  and  are  not  used  for  weak  acids.  Phenolphtha- 
lein is  especially  sensitive  to  acids  and  ia  of  value  in  titrating  weak  acids.  LibniLs 
is  commonly  used  as  a  test  indicator  (litmus  paper)  though  with  careful  prepara- 
tion, it  is  \^uable  for  general  acid  and  aUuiU  titration. 

The  acid  in  the  indicator  niuHt  be  weaker  than  the  acid  which  it  is  required 
to  determine  by  its  mcauM.  McthyU>rnnge,  for  example,  is  a  fairly  strong  acid, 
and  is  not  sensitive  to  carbonic,  hydrocyanic,  boric,  oleic  acids;  on  the  other 
hand,  phenolphthalein,  being  an  extremely  weak  acifl,  is  decomposed  by  organic 
acids,  HtCOs,  etc.,  hence  is  of  value  in  determination  of  these  acids. 


Methyl  orange. 

acids  =  red 
alkalies  ^jellow. 

Methyl  red. 
As  above. 

Phenolphthalein. 
acids -'Colorless 
alkalies  =  red. 


litmus, 
acid^-rcd 
alkalies  =  blue. 


Lacmoid. 
In  alcohol 
acids  =  red 
alkalies  =btue. 


ACIDIMETRY   AND  ALKALIMETRY 


ULTIMATE  STANDARDS 

Sulphuric  and  hydrochloric  acids  are  generally  used  as  the  ultimate  standard 
acids.     Benzoic  acid  and  other  acids  are  also  used. 

Sodium  carbonate  is  the  best  of  the  alkali  standards.  This  salt  may  be 
prepared  in  exceedingly  pure  form.  It  is  generally  used  as  the  basic  material 
for  the  volumetric  standardization  of  the  standard  acid. 


Preparation  of  Pure  Sodium  Carbonate 

Bicirboiute  of  Soda  niade  by  the  Amraonia-iSoda  process  may  be  obtained  in 
exceedingly  pure  form.  The  impurities  that  may  be  present  are  siUca,  ammonia, 
lime,  arsenic,  sodium  chloride  and  sodimu  sulphate.  With  the  exception  of  silica 
and  lime  the  impurities  may  be  readily  removed  by  washing  the  bicarbonate  of 
soda  several  times  with  cold  water  and  decanting  off  the  supernatant  solution  of 
each  washing  from  the  difficultly  soluble  bicarbonate.  The  washing  is  continued  . 
until  tbe  material  is  free  from  chlorine,  as  sodium  chloride  is  the  principal  im- 
purity, and  its  rwnoval  leaves  an  exceetlingly  pure  product.  The  bicarbonate  is 
iWedbetweenlargefilter  papers  in  the  hot  air  oven  (100°  C). 

Standard  Sodium  Carbonate  is  made  from  this  pure  sodium  bicarbonate  by 
heating  at  290°  C.  to  300°  C.  in  an  electric  oven.  If  a  constant- 
temperature  oven  is  not  available  a  simple"  oven  may  be  impro- 
vised by  use  of  a  sand  bath  and  a  large  beaker  or  a  sheet^iron 
cylinder  covered  at  the  upper  end  as  shown  in  Fig.  75.  A  ther- 
mometer passing  through  this  shield  registers  the  temperature 
of  the  material,  within  a  lar^  platinum  crucible.  This  crucible 
reste  upon  a  triangle,  so  that  the  bicarbonate  is  entirely  sur- 
TtRmded  by  an  atmosphere  of  comparatively  even  temperature,     ^-j 

The  sodium  bicarbonate  is  converted  to  the  carbonate.  Con-  ^^ 
stant  weight  will  be  obtained  in  about  five  or  six  hours.  When 
the  material  no  longer  loses  weight  it  is  cooled  in  a  desiccator 
and  botUed  for  use,  preferably  in  several  small,  glass-stoppered 
botUes.  For  exceedingly  accurate  work  the  material  is  analyzed 
and  allowance  made  for  the  impurities  that  may  still  remain. 
The  error  caused  by  any  such  impurities  is  so  small  that  for  all 
practical  purposes  it  may  be  neglected. 

Tiaa  [Hirified  sodium  carbonate  is  tbe  ultimate  standard  for  acidimetric  and 
alkalimetric  volumetric  analysis. 
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1006  ACIDIMETRY  AND  ALKALIMETRY 

PREPARATION   OF  STANDARD  ACID 
Standard  Sulphuric  Acid 

Fifty-two  per  cent  sulphuric  acid  is  in  equilibrium  with  the  average  moisture 
present  in  the  air  of  the  laboratory;  acid  of  this  concentration  ia  recommended 
for  the  standard  stock  solution.' 

Pure  94  to  97%  HtSO.  is  diluted  with  sufficient  water  so  that  its  gravity  is 
about  1.4200  (42.7°  B^.).  The  acid  is  well  mixed  and  poured  into  small  clean  and 
dry  glass-stoppered  sample  bottles  of  about  200-cc.  capacity.  The  bottles  are 
carefully  sealed  and  placed  aside  for  use  as  desired.  To  determine  the  exact 
strength  of  this  standard  add  a  portion  is  standardized  against  the  sodium  car- 
bonate, prepared  according  to  directions  given. 

Method  of  Standardization.  Procedure.  A  catch  weight  of  about  10  grams 
of  the  acid  is  weighed  out  in  a  weighing  bottle  or  100-cc.  beaker  (10  cc.  =  approxi- 
mately  13  grama)  and  placed  aside  for  titration.  The  amount  of  sulphuric  acid  in 
the  sample  {weight  of  sample  multiplied  by  per  cent  divided  by  100)  is  neutralized 
by  1.0808  times  its  weight  of  sodium  carbonate.  As  an  excess  of  acid  is  necessarj' 
to  drive  out  all  the  carbonic  acid  the  following  formula  is  used — (grams  H.SOt 
-0.05)  X  1.0808= weight  of  NajCOj  required. 

The  required  amount  of  sodium  carbonate  Ls  weighed  and  transferred  to  a 
600-cc.  Erlenmeyer  flask  and  100  cc,  of  water  added.  The  acid  is  carefully  poured 
into  the  flask  and  the  rinsing  of  the  weighing  bottle  or  beaker  added.  The  solu- 
tion is  boiled  for  15  minutes  to  expel  CO..  A  small  filtering  funnel  inserted  in  the 
neck  of  the  flask  prevents  ln.<^  during  the  boiling  of  the  acid  and  carbonate  mixture. 
The  excess  of  acid  is  titrated  with  N/5  NaOH,  using  phenol phfhalein  indicator, 
the  caustic  being  added  drop  by  drop  until  a  faint  permanent  pink  color  ia  obtained. 
.  (The  sulphuric  equivalent  to  the  NaOH  added)+(weight  of  Na,CO,ik 0.9252) 
=weight  of  pure  HiSO,  present  in  the  sample. 

Notes.  COt-free  water  should  be  taken  in  all  titrations  with  phenolphthalein. 
The  indicator  contains  1  Kram  of  the  compound  per  liter  of  95%  alcohol.  One  cc.  at 
indicator  of  this  strength  is  required  for  each  titration. 

Results  should  agree  to  within  0.0.5%. 

The  temperature  of  the  arid  should  be  observed  at  the  time  of  staudardiiation  and 
this  noted  with  results  on  the  liottlns  containing  the  stantlard  samples.  The  coefficient 
of  expansion  is  .00016+  per  degree  F.  risen  in  temperature  or  .000293  per  degree  C.  per 
cc.  of  solution. 

'  Ninety-three  thousand  pounds  of  sulphuric  acid,  with  an  rxpoaed  Burteee  of  1260 

S.  ft.  and  depth  of  10  in.,  hud  decreased  in  strength  trom  S6  p;r  cent  to  S2.12  per  oeot 
iSO,,  after  standing  in  a  lead  pan,  protected  from  the  rain,  for  42  days  (Sept.  9th 
to  Oct.  21st,  1916).  Air  was  bubbled  through  a  two-liter  sample  of  this  add  for  seven 
consecutive  days,  when  the  solution'wos  tested  and  found  to  contain  52.18  per  oent 
HiSOi.  The  average  temperature  of  the  laboratory  was  74°  F.,  the  average  vapor  <d 
the  air  (7  tests)  wa«  0,2223  gram  HjO  per  standard  cubic  foot.  The  average  humidity 
for  tjeptem)>cr  and  Oetober  was  68  per  cent;  the  average  temperature  62°  P.  lltB 
average  humidity  for  the  past  33  years  was  72  per  cent;  average  temperature  57'  F> 
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d  Snlphoric  Rcid'  contaiDH  49.043  grams  of  HjS04  per  liter  of  solution. 
Ta  make  a  liter  of  the  normal  acid  the  amount  of  the  standard  acid  required  is 
100x49  043' 

calculated  by   the  formula   rJTS^S"^".     .T^.j^P''^™^   standard  acid 

'  per  ceat  HiSOi  m  standard 

necessary.  The  acid  is  weighed  out  in  a  small  beaker,  a  slight  excess  being  taken 
(0.1  gram).  The  acid  is  washed  into  a  liter  flask  and  made  to  volume.  An  aliquot 
portion  is  standardized  against  the  standard  sodium  carbonate.  The  solution 
may  now  be  adjusted  to  the  exact  strength  required. 

Example.'  If  25  cc.  of  the  acid  is  found  to  contain  1 .25  grams  IIiSOi  we  find  the 
amount  of  dilution  required  as  follows:  25  cc.  of  N/1  HiSOi  should  contain  1.226075 

gnun8,ttierefor?1.226075:25.:1.25;a:,andx  =r-^^^-    Them  minus25-the 

amount  of  water  required  for  25  cc.  Total  dilution  •<  dilution  for  25  multiplied 
by  the  volume  of  acid  remaining  in  the  flask  divided  by  23  =  cc.  water  required 
to  make  a  normal  acid  solution. 

Fifth  noimal  and  tenth  normal  acids'  may  be  prepared  by  diluting  the 
nonnal  acid  to  live  or  t«n  volumes  as  the  case  requires. 

Gravimetric  Methods.  Precipitation  as  BaSOi.  Sulphuric  acid  may  be 
standardized  by  precipitating  as  BaSO*  according  to  the  procedure  given  for  sul- 
phur.   BaSO4X0.4202  =  H,SO.. 

Determination  as  (HH4)250i.  To  10  cc.  of  the  acid  diluted  to  50  cc.  in  a  large 
platinum  dish  is  added  NH4OH  until  the  acid  is  neutralized  and  a  faint  odor  of 
ammonia  is  perceptible.  The  solution  is  evaporated  to  dryness  on  the  water  bath 
and  dried  at  100°  C.  for  half  an  hour.  The  residue  is  weighed  as  {NH()tS04. 
(NH4)^*X0.7422-gram  H.SO.. 


Standard  Hydrochloric  Acid 

This  acid  is  occasionally  preferred  by  chemists  to  sulphuric  acid  as  a  standard. 
At  the  constant  boiling-point,  with  prcs-sure  of  760  mm.,  hydrochloric  acid  has  a 
definite  composition  of  20.242%  HCl.  For  every  10  mm.  increase  in  pressure  the 
pereentage  drops  .024  and  for  every  10  mm.  decrease  in  pressure  the  percentage 
rises  .024%  HCI.  Advantage  is  taken  of  this  fact  in  the  preparation  of  standiml 
hydrochloric  acid.  Strong,  pure  HCl  is  distilled,  the  first  25  or  30  cc.  being 
rejected.  The  distillate  is  bottled  in  200-cc.  glass-stoppered  bottles  and  sealed,  a 
portion  being  reserved  for  standardization.  The  acid  is  beet  standardized  ^lain-st 
sodium  carbonate,  using  the  formula.  Weight  of  HCl  weighed  for  analysis  minw^ 
0.05)X  1.4533  -Na,CO>  required.  As  in  case  of  H,SO,  the  Na,CO,  is  weighed  out. 
placed  in  an  Erlenmeyer  flask  with  the  acid  and  boiled  to  expel  COi.  The  excess  of 
BCI  is  titrated  with  standard  caustic.     N/5  NaOH  =0,0072836  gram  HCl  per  cc. 

The  exact  weight  of  Na,CO,X0.6881  =HC1.  To  this  add  HCl  obtained  by 
\aOH  titration  -total  HCl  in  the  sample  taken.  ' 

The  exact  amount  of  HCl  being  known,  normal  acid  containing  36.468  grams 
HCI  per  liter  may  be  mode,  and  by  diluting  further,  fifth  normal  and  tenth  normal 

•fU.  nhtsin*H 


1008  ACIDIMETRY  AND  ALKALIMETRY 

GrATimetric  Detennination  of  Hydrochloric  Acid  by  Predpitation  as  AgCl. 
Hydrochloric  acid  may  be  standardized  by  precipitation  with  silver  nitrate 
solution  by  the  procedure  for  determination  of  chlorine.  AgClX0.2544  =  HCl. 
It  ia  advisable  to  heat  the  sample,  diluted  to  a  convenient  volume,  and  add  the 
hot  silver  nitrate  in  slight  excess  of  that  required  by  HCl,  the  amount  of  the 
reagent  being  calculated,  e.g.,  mol.  wt.  HCl :  mol,   wt.  AgNO)::Wt.  HCl  in 


Benzoic  Acid  Standard 

Benzoic  acid  may  be  obtained  in  exceedingly  pure  form  by  melting  the  resub- 
limed  acid  in  a  covered  platinum  dish  in  a  constant-temperature  oven,  at  a  temper- 
ature of  140°  C  The  acid  is  poured  into  test-tubes,  cooled,  and  the  sticks  bottled 
for  use.  The  acid  does  not  take  up  moisture  to  any  appreciable  extent,  even 
when  exposed  to  the  air  for  some  time,  so  that  it  may  be  weighed  without 
danger  of  absorption  of  moisture. 

Standard  Caustic  Solution 

Standard  normal  sodium  hydroxide  is  made  by  dissolving  approximately  50 
grams  of  NaOH  sticks  with  1  to  2  grams  of  Ba(OH),  in  200  to  3Q0  cc.  of  water  and 
diluting  to  1000  cc.  The  caustic  is  standardized  against  normal  HjSOt,  using 
phenol phthatein  indicator.  The  Rolutiun  i.')  adjusted  to  the  exact  strength 
desired  by  addition  of  distilled  water. 

Note. — The  addition  of  Ba(OH)i  is  made  to  precipitate  the  carbonate  in  the  caustic, 
as  this  would  interfere  with  titrations  in  presence  of  ^hcnolpbthoiein.  As  the  presence 
of  barium  would  produce  a  cloudinesB  with  HiSOt  it  is  advisable  to  add  only  an  amount 
sufGcient  to  precipitate  the  carbonate. 
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STANDARD  BURETTES 

Burettes  used  for  this  work  should  be  carefully  checked  for  accuracy  of 
ddivery.  „       q 

j'or  accurate  titration  of  acids  or 
alkalies  it  ia  advisable  to  have  a  titra- 
tion of  75  to  100  cc.  Since  the  straight 
100-cc.  burette  if  graduated  to  twen- 
tieths of  a  cc.  would  be  too  long  for 
convenient  handling,  the  chamber 
burette  is  used.  The  chamber  located 
in  the  upper  portion  of  the  apparatus 
holds  75  cc,  the  lower  portion  drawn 
out  into  a  uniform-bore  tube  is  gradu- 
ated in  twentieths  of  a  cc.  Each  tenth 
of  a  cc.  has  a  mark  passing  entirely 
around  the  tube  so  that  there  will  be 
no  error  in  reading,  the  eye  being  held 
so  that  the  mark  appears  to  be  a 
straight  line  drawn  across  the  tube. 
The  burette  is  enclosed  in  a  large  tube 
filled  with  distilled  water  and  carrying 
a  thermometer.  The  burette  is  con- 
nected, by  means  of  an  arm  at  the 
base,  with  a  reservoir  of  standard  acid. 
The  cut,  Pig.  76,  shows  the  apparatus 
connected  ready  for  use. 

If  vapor  is  lost  from  the  standard 
reagents  and  this  replaced  by  dry  air,  as 
in  the  common  practice,  the  aolution 
gradually  chanKcs  in  strength.  A  simple 
and  ingjenjous  device,  designed  by  H.  W. 
Herig  (Uen.  Chem.  Co.),  is  shown  at  the 
lop  of  Fk-  7fi,  which  overcomes  this  diffi- 
culty. The  air  drawn  into  the  reagent 
bottle  ia  purified  and  saturated  with 
moisture  by  pasainfc  it  through  sodium 
hydroxide.  A  mercury  valve  relieves  the 
praeurc  if  CTpanaion  of  air  in  the  reagent 
bottle  occuiB  due  to  rise  of  temperature. 

NoU.     The  chamber  burette  shown  in 
Fig.  76  was  designed  at  the  laurel  Hill  E 
Laboratory,  Gennal  Chemical  Company.  "^ 
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Titration  of  Acids  and  Alkalies 

In  the  acid  titration  the  sample  is  conveniently  titrated  in  a  white  porcelain 
casserole-  This  gives  a  white  background  that  enables  the  analyst  to  sec  the 
end-point.  The  caustic  is  run  into  the  acid,  to  within  a  few  cc.  of  the  end-point, 
rapidly  and  then  cautiously  to  a  faint  change  of  color — faint  pink  with  phenol- 
phthalein  or  an  orange-yellow  with  methyl-orange.  Phenolphthalein  is  gen- 
erally preferred  to  acid  titrations.  COrfree  caustic  and  water  should  always 
be  used. 
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METHODS  OF  WEIQHINQ  ACIDS 
Dilute  Acids  Non-Volatlle  under  Ordinary  Conditions 

Dilute  acids  may  be  weighed  directly  in  a  beiiker,  weighing  bottle  or  ordinary 
pipette  (see  directions  given  later)  by  measuring,  out  the  approximate  amount 
desired.  Since  a  burette  reading  from  75-cc.  to  100-cc.  should  be  used  for  this 
work  it  will  be  necessary  to  take  Ruch  an  amount  of  the  acid  as  will  require  a 
titration  between  these  extremes.  This  may  be  accomplished  by  taking  the 
specific  gravity  of  the  acid  and  referring  to  the  table  for  the  approximate  strength. 
From  this  the  volume  necessary  may  readily  be  calculated. 

Example.  The  case  will  be  taken  where  a  75-cc.  to  100-cc.  burette  is  being  used 
and  the  titration  is  to  be  made  with  normal  caustic  solution,  the  acid  titrated  is 
sulphuric  acid.  The  capacity  of  the  burette  is  75X0.049  =3.675  grams  HiSO*  to 
100X0.049-4.9  grams  H,SO..  (For  HCl  the  capacity  would  be  2.74  t«  3.65 
grams  HCl  and  for  HNO,  it  would  be  4.73  to  6.3  grams  HNO,). 

SupposetheBulphuricacidhasasp.gr.  of  1.1600.  From  the  table  for  HiSO,  we 
find  that  this  acid  is  22.25%  H^0„  then  1  co.  contains  1.16X22.25  divided  by 
100=0.2581  gram  H.SO,.    Since  the  capacity  of  the  burette  is  3.675  to  4.9  grams 


H1SO4,  we  must  weigh  between 


1.675, 


-  to  - 


-  grams  of  the  acid;  to  get  this  we 


should  take 


1.675  , 


-  to  - 


2225       .2225  " 
that  is  to  say,  14.5  to  18.5  cc.  of  the  acid, 


.2581    '"   .2581 
which  wilt  weigh  16.8  grams  to  21.5  grams. 

Weighing  Strong  Acids,  Fuming  or  Volatile  under  Ordinary 
Conditions 

The  acid  must  be  confined  during  weighing  and  until  it  is  mixed  with  water 
or  standard  caustic.  The  best  forms  of  apparatus  include  the  follow^ 
ing: 

Lunge-Ray  Pipette.  The  pipette  is  shown  in  Fig.  77.  Two 
glass  stop-cocks  confine  the  acid  in  a  bulb.  The  lower  part  of  the 
pipette  is  protected  by  a  ground-on  test-tube.  The  dry  pipette  is 
weighed.  Cock  2  is  closed  and  1  opened  and  a  vacuimi  produced 
in  the  bulb  by  applying  suction  at  the  upper  end  of  pipette  and 
closing  stop-cock  1  with  suction  still  on.  The  sample  may  now  be 
drawn  into  the  pipette  by  immersing  the  lower  end  in  the  sample 
and  opening  the  stop-cock  2,  the  vacuum  producing  the  suction. 
The  increased  weight  =acid  drawn  in.  The  pipette  is  emptied  by 
running  the  acid  under  water. 

Dely  Weighing  Tube.'  This  form  of  weighing  tube  has  provon 
to  be  of  exceptional  value,  to  the  busy  works-chemist,  in  the  analy- 
sis of  oleum  and  mixed  acids.  Both  speed  and  accuracy  are  gained 
by  its  use.  The  apparatus,  shown  in  the  cut  on  page  1011,  consists 
of  a  long  glass  tube  of  small  bore,  wound  in  a  spiral  coil.  Fig.  78. 
_  The  sample  of  acid  is  drawn  into  the  weighed  coil  by  applying 

Fia.  77,        suction  through  a  rubber    tube  attached  to  A  and    drawing  in 
LungC'Ray     ^^^  required  amount  of  acid,  a  mark,  ascertained  by  a  previous  run 
Pipette.       Iieii^  made,  to  indicate  the  point  to  which  the  acid  is  drawn.    Hm 
■  J.  G.  Dely,  Chemist,  Gen.  Chem.  Co. 
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FiQ.  78. 
Dely  WeighiDK  Tube  ia  Operation 


tip  ff  is   carefully  wiped   off    with  tissue  paper  and    the   tube  and   sample 

weighed.    The  weight  of  the  tube  deducted  gives  the  weight  of  the  sample. 
The  apparatus  is  now  inclined  so  that  the  acid  runs  back  into  the  crook  at 

C  to  a  point  marked  on  the  wall  of  the  tube,  in  order  to  expel  as  much  air  as 

possible  from  this  end.     A  rubber  tube  filled 

with  wat«r  is  attached  to  A,  the  other  end 

of  the  rubber  tube  being  connected  to  a  bottle 

containing  distilled  water.     A  glass  bead,  such 

as  i»  used   in    rubber-tipped  burettes,  fitting 

snu^y  in  this  tube,  regulates  the  flow  of  water. 

The  Dely  tube  is  now  inverted,  the  tip  being 

immeised  in  150  cc.  to  200  cc.  of  distilled 

water  in  a  4-in.  casserole — Fig.  78.    By  pressing 

gently  on  the  bead,  water  is  slowly  admitted 

in  the  tube,  forcing  the  acid  before  it.     The 

acid  and  water  are  separated  by  a  bubble  of  c 
.air.    Before  forcing  out  the  last  half-inch  of 

acid,  the  tube  connected  U>  the  water  supply 

is  disconnected  and  the  weak  acid  from  the 

casserole  drawn  back  into  the  Dely  tube  for 

two  or  three  inches,  then  again    the  acid  i 

almost  entirely  expelled  by  water  from  the 

reservoir  and  the  procedure  repeated.     This  is  to  absorb  the  SOi  gas  that  invari- 
ably is  present  in  the  bubble  of  air  above  mentioned,  which  would  be  lost  if 

forced  out  directly  by  the  water  column.     In  order  to  facilitate  this  last  step  it 

is  well  to  have  a  short  rubber  tube  attached  to  the  Dely  tube,  and  a  glass  tip  in 

the  tube  connected  with  the  reservoir  of  water.     The  acid  in  the  casserole,  upon 

washing  out  the  Dely  tube,  is  titrated  with  standard  caustic  according  to  the 

procedure  for  titration  of  acids. 

The  tube  is  dried  after  washing  with  alcohol,  followed  by  ether,  by  heating 

on  an  asbestos  mat  on  a  hot  plate,  dry  air  being  aspirated  through. 

Snake  Weighing  Tube.  The  snake  tube  is  a  simple  device  that  may  be  easily 
.  made  by  an  amateur  glass-blower.  It  is  made  out  of  a  glass  tube 
S-10  ins.  long,  slightly  thinner  than  a  lead  pencil.  One  end 
of  the  tube  is  drawn  out  to  capillarity.  The  tube  has  a  double 
bend,  as  shown  in  the  illustration.  It  is  so  made  that  it  rests 
on  the  double  bend  with  the  ends  inclined  upward  to  prevent  the 
outflow  of  the  acid.    Fig.  79. 

The  tube  is  dried  with  alcohol,  ether  and  air  treatment,  as  in 
case  of  the  Dely  tube.  After  weighing  the  empty  tube,  acid  is 
drawn  into  it  by  suction  through  an  attached  rubber  tube.  The 
capillary  end  that  has  dipped  into  the  sample  is  wiped  dry  with 
tissue  paper.  The  acid  and  tube  are  weighed  and  the  acid  esti- 
mated  by  difference. 

The  acid  is  run  into  150  cc.  of  water  in  a  casserole,  the  flow 
being  regulated  by  the  index  finger  pressed  against  the  larger  end 
of  the  tube.  With  careful  regulation  of  the  flow,  practically  no 
bumping  occurs.  With  a  small  capillary  opening  it  is  not  neces- 
sary to  place  the  finger  over  the  larger  end  of  the  tube  as  the 

add  flow  will  be  slow.  The  tube  should  be  kept  in  motion  to  prevent  bumping  from 
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Horns  ^r  Suspending 


overhe&ting  any  one  portion.  Kicking  back  of  the  acid  indicates  that  the  capil- 
lary end  of  the  tube  is  too  lai^.  When  the  contents  of  the  tube  have  run  out, 
the  tube  is  rinsed  by  sucking  up  some  acid  from  the  casserole  and  allowing  it 
to  run  out,  repeating  several  times.  Suction  may  be  applied  by  means  of  a 
rubber  bulb  attached  to  the  tube.  The  acid  is  now  titrated  with  standard  caustic, 
using  phenol phthalein  indicator. 

Blay-Burkhard  Graduated  Wei^iing  Burette.  This  apparatus,  designed  by  V. 
L.  Blay  and  W.  E.  Burkhard,  General  Chem- 
ical Company,  is  used  for  weighing  acids  or. 
other  lirjuids.  The  form  for  general  use  is 
shown  in  Fig.  80.  The  burette  is  graduated 
in  half  cc.  divisions,  frora  0  to  20  co.  An 
apparatus  half  this  size  is  used  for  oleum, 
where  a  2-cc.  sample  is  sufficient  for  a  deter- 
mination. For  the  purpose  of  running  the 
sample  under  water  a  capillary  tube  {B, 
Fig.  80)  with  ground  joint,  is  attached  to 
the  burette.  Thb  tube  is  placed  in  the  solu- 
tion duriug  titration.  The  burett«  is  pro 
vided  with  a  glass  vented  stopper  {,A)  on 
the  top,  and  a  glass  cap  for  the  tip,  both 
having  ground  joints,  to  prevent  escape  of 
5,    ^~  \/'/ '.^r^'""       fumes  from  the  sample. 

J.lpSj  A^ld'^  The  Editor  has  modified  the  apparatus 

by  replacing  the  fragile  cap  (.4)  by  a  tube 
stopper  with  capillary  vent  (nee  A' ,  Fig.  80). 
The  vent  to  the  air  is  opened  or  closed  by  a 
slight  turn  of  this  stopper.  By  means  of  this 
tube  acid  may  be  drawn  into  the  burett« 
according  to  the  Lunge-Ray  pipette  pro- 
cedure. With  these  burettes  a  man  con 
control  his  work  very  accurately  and  save  a 
great  amount  of  time,  both  in  weighing  and 
nipulation. 

In  the  analysis  of  strong  oleum,  about  50  grams  of  neutral  Glauber  salt  are 
placed  in  a  casserole  containing  water,  and  the  fumii^  acid  allowed  to  flow  under 
the  undissolved  salt.  The  violent  reaction  of  the  acid  with  water  is  thus  avoided. 
The  tube  E,  Fig.  80,  should  be  made  of  fused  silica. 

The  gloss-bulb  method  is  still  used  for  analysis  of  strong  oleum.  The  acid 
weighed  in  a  sealed  tube  of  known  weight  is  mixed  with  water  by  breaking  the 
bulb  in  a  stoppered  botttc  containing  water,  the  acid  is  cooled  and  titrated  as  usual. 


I. — Blay- Burkhard  Graduated 
Weighing  Burette. 
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ANALYSIS  OF  MURIATIC  ACID 

(Commercial  Hydrochloric  Acid) 
Total  Acidity  and  Hydrochloric  Acid 

The  usual  titr&tion  with  standfird  caustic  gives  the  total  acidity,  including, 
in  addition  to  hydrochloric  acid,  nitnc  and  sulphuric  acids  which  may  occur  in  the 
commercial  product.  The  acidity  due  to  these  acids  is  deducted  from  the  total 
acidity  to  find  the  actual  HCl  in  the  muriatic  acid. 

A  catch  weight,  10  to  15  grams  of  the  acid,  is  weighed  in  a  weighing  bottle,  or  a 
lar^  snake  tube,  or  the  Dely  tube,  as  in  case  of  oleum  analysis,  and  the  acid  allowed 
to  mix  with  water  in  a  casserole;  methyl-orange  indicator  is  added  and  the  acid 
titrated  with  standard  normal  caustic  solution,  the  red  color  fading  to  a  lemon- 
yellow.  A  fraction  of  a  drop  of  the  alkali  will  cause  the  change  when  the  end-point 
has  been  reached. 

One  cc.  N/1  NaOH  -0.03647  g.  HCl. 

Note.  Hvdrochloric  acid  may  be  determined  ranrimetrically  by  precipitating 
the  chloride  with  silver  nitrate— HCl-fAgNO,=AgCI-l-UNOi,  or  by  the  volumetric 
methods  for  the  detenmuation  of  chlorine.    See  Chlorine. 

Determination  of  Impurities    in  Commercial  Hydrochloric  Acid. 
Free  Chlorine 

Five  cc.  of  the  acid  are  diluted  to  10  cc,  about  5  cc.  of  fresh  starch  solution 
added  and  a  few  drops  of  5%  KI  solution  together  with  about  I  cc.  of  dilute 
H£0(.  A  blue  color  indicates  free  chlorine.  This  color  may  be  matched  in  a 
Nessln-  tube  with  a  standard.  It  is  possible  to  determine  .0001%  chlorine  on  a 
5-cc.  sample. 

Mtric  Acid  or  Nitrates  in  Hydrochloric  Acid 

AExiut  5  cc.  of  the  hydrochloric  acid  ia  cautiously  added  to  75  cc,  of  95% 
H^O(,  the  HCl  being  introduced  under  the  surface  of  the  sulphuric  acid.  The 
nitric  acid  may  now  be  titrated  with  standard  ferrous  sulphate  by  the  procedure 
for  the  direct  determination  of  nitric  acid  and  nitrates.  (Method  of  Scott  and 
Bowman.)  The  ferrous  sulphate  test  for  nitric  is  delicate.  Traces  of  nitric  acid 
produce  a  pink  coloration;  larger  amounts  a  reddish  brown  to  dark  brown.  The 
color  is  permanent  when  an  excess  of  ferrous  sulphate  has  been  added.  See 
page  1024. 

Sulphuric  Acid  and  Sulphates  in  Hydrodiloric  Acid 

Free  il^Oi.  Fifty  cc.  of  the  sample  is  evaporated  in  a  platinum  dish  (steam 
bath)  to  dryness  or  until  the  HCl  has  been  expelled.  A  few  drops  of  water  are 
added  and  the  material  again  taken  to  dryness  (steam  bath).  The  residue  i» 
taken  up  with  water  and  titrated  with  N/10  NaOH,  using  methyl-orange  indica- 
tor.   One  cc.  =0.0019043  gram  H,SOi. 

Total  Sulphatfis,  Fifty  cc.  of  the  muriatic  acid  is  evaporated  to  about  5  to  10  cc. 
and  then  diluted  to  about  200  cc.  and  heated  to  boiling.  Total  &0,  is  now  precipi- 
tated by  adding  BaCti  solution  as  in  case  of  determination  of  total  sulphur.  The 
precipitated  BaSO,  includes  the  free  H,SO,  and  the  combined  SO,.  BaSO*  X  0.4202 
-H,SO.. 


Arsenic  in  Hydrochloric  Acid 

Commercial  muriatic  acid  may  contain  arsenic.  This  is  best  detennined  by  the 
Gutzeit  Method  ^ven  in  detail  under  Arsenic.  10  cc.  of  sample  is  usually  suffi- 
cieot  for  this  determination.  If  much  arsenic  is  present  the  distillation  method 
may  be  followed,  using  a  25  to  dO-cc.  sample.  The  distillate  is  titrated  with  stand* 
ard  iodine  according  to  procedure  given  for  arsenic  by  the  iodine  titration, 
page  43. 

Barium  Chloride  In  Hydrochloric  Acid  ' 

Fifty  cc.  is  evaporated  to  dryness  and  then  over  a  low  flame  to  expel  SOi.  The 
residue  is  taken  up  with  1  cc.  of  1  : 1  HCI  and  50  cc.  of  water.  1  cc.  HiSOt  is 
added  and  the  precipitated  BaSO«  filtered  off  and  weighed.  If  silica  is  present 
in  the  sample  its  weight  should  be  deducted.    BaSO(X0.8923  =>BaCl|. 

Total  Solids  and  Silica 

One  hundred  cc.  of  the  HCI  in  a  platinum  dish  is  evapoDited  to  dryness  aod  the 
residue  ignited  and  weighed.  5  cc.  of  HF  is  added  with  a  few  drops  of  HSO, 
and  the  solution  again  evaporated  and  ignited.  The  first  vxighl—lotal  st^itk. 
The  lots  of  weight  in  Uie  second  ignition  =SiOi. 
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Fia.  80a.— Hydrometer. 

Determination  of  Specific  Gravity 

Control  tests  for  strength  of  the  common  inorganic  acids  are  generally 
made  in  the  plant  by  means  of  the  hydrometer.  This  instrument  depends  on 
the  fact  that  when  a  sohd  floats  in  a  hquid,  the  weight  of  the  liquid  displaced 
is  equal  to  the  weight  of  the  floating  body.  The  hydrometer  is  a  cylindrical 
instrument,  generally  with  a  spherical  bulb,  weighted  with  lead  shot  or  mercury. 
It  has  a  narrow  stem  with  graduations,  which  indicate  the  gravity.  The 
instrument  floats  vertically,  after  displacing  Its  own  weight  of  solution  in 
which  it  is  placed.  The  instruments  are  adapted  for  varying  gravities  extend- 
ing over  a  range  of  ten  to  twenty  divisions. 


ACIDS  1015 

The  Gravity  tables  given  in  the  following  pages  have  been  developed  ^th 
considerable  care.  By  means  of  these  one  is  able  to  obtain  quickly  and  with 
bar  degree  of  accuracy  the  strength  of  the  acid  or  alkali  of  which  the  gravity  is 
ascertained. 

The  following  precautions  should  be  observed  in  making  hydrometer  tests: 

1.  The  hydrameter  should  be  clean  and  dry,  and  at  the  temperature  of  the 
Hquid,  before  immersing  to  make  a  reading. 

2.  The  vessel  in  which  the  observation  is  made  should  be  of  clear  gla£s  of 
suitable  siie  and  shape,  to  allow  the  hydrometer  to  float  freely  (about  ^  inch 
greater  in  diameter  than  the  hydrometer  bulb)  and  of  sufficient  height  to  enable 
full  reading  of  the  hydrometer  (i.e.,  height  greater  than  the  length  of  the 
hydrometer). 

3.  The  liquid  should  be  thoroughly  mixed  by  means  of  a  stirrer  reaching 
to  the  bottom  of  the  vessel.  There  should  be  no  air  bubbles  in  the  liquid  or 
ctiagiQg  to  the  sides  of  the  vessel  or  the  hydrometer. 

4.  The  hydrometer  is  slowly  immersed  in  the  liquid,  slightly  beyond  the 
point  where  it  floats  and  is  then  allowed  to  float  freely. 

5.  The  reading  is  made  with  the  line  of  vision  horizontal  to  the  plane  and 
as  near  as  possible  to  this.  The  point  is  taken  where  this  surface  line  cuts  the 
hydrometer  scale. 

7.  The  temperature  of  the  liquid  is  taken  before  and  after  the  reading  and 
allowance  made  for  variation  of  the  temperature  from  standard  conditions  as 
indicated  in  the  tables. 

References.    Cir.  15,  4th  edition,  Feb.  23,  1916,  TT.  B.  Bureau  of  Standards. 

Sulphuric  Acid  Handbook  by  Thoa.  J.  Sullivan,  McGraw-Hill  Book  Co. 

Thorpe  Dictionary  of  Applied  Chemislry,  pp.  103-114.    Longmans,  Green  and  Co. 
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IMtnM 

Bp.er. 

sirm. 

Percent 

Detieci 

Sp.Oi. 

DCEIMI 

PerCMt 

B>SnU. 

TwZidaU. 

Biam«. 

TwaOdaU. 

HCl. 

1. 00 

i.ooeg 

1.38 

1.40 

14.25 

1.1090 

21,80 

21.68 

2.00 

1 .0140 

2.80 

2.82 

14,50 

l.llU 

22.22 

22.09 

3.00 

1.0211 

4.22 

4.25 

14,75 

1. 1132 

22.64 

22.50 

4.00. 

1.0284 

5.68 

5.69 

15.00 

1.1154 

23.08 

22,92 

5.00 

1 .0357 

7.14 

7.15 

15.25 

1.1176 

23.62 

23.33 

fi.25 

1.0375 

7.50 

7.52 

15.50 

1.1197 

23.94 

23.75 

6.50 

1.0394 

7.88 

7.89 

15.75 

1.1219 

24.38 

24.16 

5.75 

1.0413 

8.26 

8,26 

16,0 

1.1240 

24.80 

24,57 

6.00 

1.0432 

8.64 

8.64 

16.1 

1.1248 

24.96 

24.73 

6.25 

1.0460 

9.00 

9.02 

16.2 

1.1256 

25.12 

24.90 

6. SO 

1.0469 

9.38 

9.40 

16,3 

1.1266 

25.30 

25.06 

6.76 

1.0488 

9.76 

9.78 

16.4 

1.1274 

25.48 

25.23 

7.00 

1.0507 

10.14 

10.17 

10.5 

1.1283 

25.66 

25.39 

7.25 

1.0526 

10.52 

10,55 

16.6 

1.1292 

26.84 

25.66 

7.50 

1.0545 

10.90 

10.94 

16.7 

1.1301 

26.02 

25.72 

7.75 

1.0554 

11.28 

11.32 

16.8 

1.1310 

26.20 

25.89 

8.00 

1.0584 

11.68 

11.71 

16,9 

1.1319 

26,38 

26.05 

8.25 

1.0603 

12.06 

12,09 

17.0 

1.1328 

26.56 

26.22 

8.50 

1.0623 

12.46 

12.48 

17.1 

1.1336 

26.72 

26.39 

8.75 

1.0642 

12.84 

12,87 

17.2 

1.1345 

26.90 

26.56 

9.00 

1.0662 

13.24 

13.26 

17.3 

1.1354 

27.08 

26.73 

9.25 

1.0681 

13.62 

13.65 

17.4 

1.1363 

27.26 

26.90 

0.50 

1 .0701 

14.02 

11.04 

17.5 

1.1372 

27.44 

27.07 

9.75 

1.0721 

14.42 

14,43 

17, G 

1.1381 

27.62 

27.24 

10.00 

1.0741 

14.82 

14.83 

17.7 

1.1390 

27.80 

27.41 

10.25 

1 .0761 

15.22 

15.22 

17.8 

1.1399 

27.98 

27.58 

10.50 

1.0781 

15.62 

15.62 

17.9 

1.1408 

28.16 

27.75 

10.75 

1.0801 

16.02 

16.01 

IS.O 

1.1417 

28,34 

27,92 

11.00 

1.0821 

16.42 

16.41 

18.1 

1.1426 

28,52 

28.09 

11.25 

1.0841 

16.82 

16.81 

18.2 

1.1435 

28,70 

28.26 

11.50 

1.0861 

17.22 

17.21 

18.3 

1.1444 

28.88 

28.44 

11.75 

1.0881 

17.62 

17,61' 

18.4 

1.1453 

29.06 

28.61 

12.00 

1.0902 

18.04 

18.01 

18.5 

1.1462 

29.24 

28.78 

12.25 

1.0922 

18.44 

18.41 

18.6 

1.1471 

29.42 

28.95 

12.50 

1.0943 

18.86 

18.82 

18,7 

1.1480 

29,60 

29.13 

12.75 

1.0964 

19.28 

19.22 

18,8 

1 .1489 

29.78 

29  30 

13.00 

1.0985 

19. 70 

19.63 

18.9 

1.1498 

29.96 

29.48 

13.25 

1.1006 

20.12 

20.04 

19.0 

1.1508 

30.16 

29,65 

13.50 

1.1027 

20,54 

20,45 

19.1 

1.1517 

30,34 

29.83 

13.75 

1.1048 

20.96 

20.86 

19.2 

1.1526 

30.52 

30  00 

14.00 

1.1069 

21.38 

21.27 

19.3 

1.1535 

30.70 

30,18 
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Bp.Or. 

PMC«Bt 

K^isr 

Sp.Oi. 

TMtnn 

PnCMt 

aSSm 

Trnddall 

HCl. 

Tw«M«U 

HCl. 

19.4 

1.1544 

30.88 

30.35 

22.5 

l.]836 

36.72 

36. IB 

19.5 

1.1554 

31.03 

30.53 

22.6 

1.1S46 

36.92 

36.35 

19.6 

1.15fi3 

31.26 

30.71 

22.7 

1.1856 

37.12 

36.54 

19.7 

1.1572 

31.44 

30.90 

22.8 

1.1866 

37.32 

36.73 

19. S 

1.1581 

31.62 

31.08 

22.9 

1.1876 

37. 50 

36.93 

19.9 

1.1590 

31.80 

31.27 

23.0 

1.1885 

37.70 

37.14 

20.0 

1.1600 

32.00 

31.45 

23.1 

1.1895 

37.90 

37.36 

20.1 

1.1609 

32.18 

31.64 

23.2 

1.1904 

38.08 

37.58 

20.2 

1.1519 

32.38 

31.82 

23.3 

1.1914 

38.28 

37.80 

20.3 

1.1628 

32. 50 

32.01 

23.4 

1.1924 

38.48 

38.03 

20.4 

1.1637 

32.74 

32.19 

23.5 

1.1934 

38.68 

38.28 

20.5 

1.1647 

32.94 

32.38 

23.6 

1.1944 

38.49 

2D.fi 

1.1656 

33.12 

32.56 

23.7 

1.1953 

39!06 

38.72 

20.7 

1.1666 

33.32 

32.75 

23.8 

1.1963 

39.26 

38.95 

20.8 

I . 1675 

33.50 

32.93 

23.9 

1.1973 

39.40 

39.18 

20.9 

1.1684 

33.68 

33.12 

24.0 

1.1983 

39.66 

39.41 

21.0 

1.1694 

33.88 

33.31 

24.1 

1.1993 

39.86 

39.64 

21.1 

1.1703 

34.00 

33.50 

24.2 

1.2003 

40.06 

39.86 

21.2 

1.1713 

34.26 

33.69 

24.3 

1  2013 

40.26 

40.09 

21.3 

1.1722 

34.41 

33.88 

24.4 

1.2023 

40.46 

40.32 

21.4 

1.1732 

34.64 

ai.07 

24.5 

1.2033 

40.66 

40.55 

21.5 

1.1741 

34.82 

34.26 

24.6 

1.2043 

40.86 

40.78 

21.6 

1.1751 

35.02 

34.45 

24.7 

1.2063 

41.06 

41.01 

21.7 

1.1760 

35.20 

34.64 

24.8 

1.2063 

41.26 

41.24 

21.8 

1.1770 

35.40 

31.83 

24.9 

1.2073 

41.46 

41.48 

21.9 

1.1779 

35.58 

35.02 

25.0 

1.2083. 

41.66 

41.72 

22.0 

1.1789 

35.78 

35.21 

25.1 

1  2093 

41.86 

41.99 

22.1 

1.1798 

35.06 

35.40 

25.2 

1  2103 

42.06 

42.30 

22.2 

1.1808 

36.16 

35.59 

25.3 

1.2114 

42.28 

42.64 

22.3 

1.1817 

36.34 

35.78 

25.4 

1.2124 

42.48 

43.01 

22.4 

1.1827 

36.54 

35.97 

25.5 

1.2134 

42.661 

43.40 

Sp.  Gr.  detenninationa  tren  made  at  60°  F.,  compared  with  water  at  WP. 
FVom  the  Specilic  Gravities,  the  correBpondiag  degrees  Bamnfi  were  calcu- 
lated by  the  following  formula;  Baumfi  =  145  —  145/Sp.  Gr. 
Atomic  weigbia  from  F.  W.  Clarke's  tabic  of  1901.     0=10. 
ALLOWANCE  FOR  TEMPERATURE: 
10-16°  Bt     -     1/40°  m.  or  .0002  Sp.   Gr.  for  1°  P. 
15-22°  B6.     -     1/30°  m.  or  .0003    "      "  "    1°  F, 
22-25°  B4.     -     1/28"  IW.  or  .00035 1°  F. 

AuTHORtTT W.   0.    FEBOCaOM. 

Tliii  table  haa  been  approved  and  adopted  aa  a  Standard  by  the  Haut^ 
bcturing  Cbemisto'  Awociation  of  the  United  States. 

W.  H.  ^WBR,  Jah.  L.  Horoan, 

r  Howard,        Artuur  Wyman, 


New  York,  Hay  14,  1903. 
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Exemlive  Commiliea. 
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L„T„.. 

.UUr 

„ir: 

lUtar 

lo  V»do. 

Xv 

lUUr 

fr 

1.000 

0.16 

l.C 

1.075 

15.16 

163 

1.145 

28.61 

328 

1.005 

1.15 

12 

1.080 

16.15 

174 

1.150 

29.57 

340 

1. 010 

2.14 

22 

1.085 

17.13 

186 

1.152 

29.95 

345 

1.015 

3,12 

32 

1.090 

18.11 

197 

1.155 

30.55 

353 

1.020 

4.13 

42 

1.095 

19.06 

209 

1.160 

31.52 

366 

1.025 

5.15 

53 

1.100 

20.01 

220 

1.163 

32.10 

373 

1.030 

6.15 

64 

1.105 

20,97 

232 

1.165 

32.49 

379 

1.035 

7.15 

74 

1.110 

21.92 

243 

1.170 

33.46 

392 

1.040 

8.16 

^  B5 

1.115 

22.86 

255 

1.171 

33.65 

:ft)4 

1.045 

9.16 

96 

1.120 

,23.82 

267 

1.175 

34.42 

4(M 

1.050 

10.17 

107 

1.125 

24.78 

278 

1.180 

35.39 

418 

1.055 

11.18 

118 

1.130 

25.75 

291 

1.185 

36.31 

430 

1.060 

12.19 

129 

1.135 

26.70 

303 

1.190 

37.23 

443 

1.065 

13.19 

141 

1.140 

27.66 

315 

1.195 

38.16 

456 

1.070 

14.17 

152 

1,1425 

28.14 

322 

1.200 

39.11 

469 

P„j^^« 

'"ssr-' 

boi'tiBf  diitiiKte 
lotimoLHCl. 

770 
760 
750 
740 
730 

20.218 
20.242 
20.260 
20.290 
20.314 

180.390 
180,170 
179,960 
179,746 
179.530 

Temperature  of  constant  boiling  hydrochloric  acid  is  108.54°  at  763  n) 
a — icjc  gravity  1.09620". 

'  Hulett  aod  Booner,  Jour.  Am.  Chem.  Soc.  xxxi,  390. 


ANALYSIS  OF  HYDROFLUORIC  ACID 

The  following  conatUuente — hydrofluosilicic  sulphuric  and  sulphurous  acids — 
commonly  occurrint;  with  hydrofluorin  acid,  are  determined  in  the  analysis, 
along  with  the  hydrofluoric  acid,  by  titration.  Generally  the  acid  contains  a 
slight  residue  upon  ignition.  The  titrations  are  made  in  presence  of  KNOi,  first 
ice  cold,  and  then  completed  at  80°  C.  or  more.  The  cold  titration  gives  the 
hydrofluoric,  sulphuric  and  sulphurous  acids  and  one-third  of  the  hydrofluosilicic 
acid  and  upon  heating  the  titration  gives  the  remaining  two-thirds  of  the  HiSiFt, 
the  following  reactions  taking  place.  Titration  cold,  H^iF,-|-2KN0.=K^iF, 
+2HN0,(=lH,SiF.).  The  liberated  2HN0,  requires  2NaOH.  Titration  hot, 
K,SiF.+4KaOH=4NaF-|-2KF-|-SiO,-|-2H,0{SH,SiF,): 

The  sulphuric  acid  is  determined  by  titration  with  NaOH,  upon  expulsion  of 
the  accompanying  more  volatile  acids.  Sulphurous  acid  is  det«nniiied  by  titration 
with  standard  iodine. 

Special  Apparatus.  Chamber  burette  graduated  from  75  to  100  cc.  in  ^  cc, 
as  described  under  the  determination  of  sulphuric  acid,  oleum,  mixed  acids,  etc. 

natiauin  weighing  tube.  Length  about  5  cm.,  diameter  1.4  cm.  The  tube 
fitted  with  a  platinum  cap  with  a  loop  top  to  facilitate  removal  by  means  of  a 
platinum  wire. 

Lead  tbief  for  samplmg. 

Special  Reagents. 

Normal  aolution  of  ffaOB.    1  Cc.  =  .04903  gram  HtSO.. 

N/IO  Iodine  totution.     1  cc.  =  .0041  gram  H,SO.. 

Phenolphthalein  indicator,  and  Starch  tolution. 

Details  of  Procedure.    Total  Acidity  and  Hydrofluosilicic  Acid 

A  catch  weight  of  the  acid  is  taken  by  pouring  the  acid  by  means  of  the  thief 
or  directly  from  the  paraffine  bottle  into  the  platinum  weighing  bottle,  such  a 
«-eight  being  taken  as  will  require  a  titration  of  from  75  to  100  cc.  of  the  normal 
caustic  solution.  (This  may  be  judged  by  a  preliminary  run  if  the  approximate 
value  hi  not  known.) 

.\lx)ut  10  cc.  of  a  saturated  solution  of  KNOi  is  poured  into  a  large  platinum 
dish  (capacity  about  125  cc),  and  chipped  ice  added.  About  50  cc.  of  N/1  NaOH 
solution  is  run  in  from  a  burette  and  three  drops  of  the  strong  phenolphthatem 
added.  The  platinum  weighing  bottle  containing  the  sample  is  inverted  beneath 
the  surface  of  the  caustic,  the  cover  cautiously  removed  from  the  bottle  by  means 
of  a  heavy  platinum  wire,  bo  as  to  allow  the  acid  to  mix  very  gradually  with  the 
sUndard  NaOH  (rapid  addition  is  apt  to  cause  loss  of  acid  by  fumes).  Standard 
X/l  XaOH  is  added  from  the  burette  until  the  first  permanent  pink  color  is 
obtained.     (The  end-point  will  be  uncertain  and  fading  unless  the  solution  is  kept 

cokl-0''C.)     The  reading  of  the   burette  is  not«d— total  J^/'  ^^0"   ^^ 

Wt.  of  sample 
The  dish   is  now  placed  on  a  hot   plate  and  the  solution  warmed  to  about 
80°  C.  and  the  titration  completed  with  the  N/1  NaOH  solution  to  a  permanent 
pink.    Additional  cc,  required  divided  by  weight  of  sample  =B.    (See  calculation 
at  close  of  procedure.) 
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Sulphuric  Acid  in  H>Ylrofluoric  Acid 

About  5  grams  of  the  eample  are  weighed  in  the  platinum  capsule  and  trans- 
ferred to  a  large  platinum  dish,  the  capsule  being  rinsed  out  into  the  dish  with 
water.  The  solution  is  evaporated  on  the  steam  bath  to  small  volume  (the 
evaporation  is  assisted  by  passing  a  hot  current  of  pure  dry  air  over  the  sample, 
see  method  on  page  1041),  a  few  drops  of  water  are  added  and  the  evaporation 
repeated;  no  odor  should  be  perceptible,  all  the  hydroSuorio,  hydrofluosilicic  and 
sulphurous  acids  being  expelled.  The  sulphuric  acid  is  cooled,  taken  up  with 
100  cc.  of  COt-Eree  water,  three  drops  of  strong  phonolphthalein  added  and  the 
acid  titrated  with  N/1  NaOH  solution  in  a.  50-cc.  burette.  The  cc.  titration 
divided  by  the  weight  of  the  sample  is  noted  as  C.  (See  calculations  at  the 
close  of  the  procedure.) 

Sulphurous  Acid  in  Hydrofluoric  Acid 

Ten  grams  of  the  sample  are  weighed  in  a  tared  platinum  capsule  with  cover 
and  washed  into  a  large  platinum  dish  with  about  75  cc.  of  water.  N/10  Iodine 
solution  is  added  to  a  faint  yellow.  The  end  point  is  made  more  distinct  by  addi- 
tion of  a  little  starch  solution  near  the  end  of  the  reaction. 

One  cc.  of  N/10 1  -0.0041  g.  H,SO,.    cc.  N/10 1-i-wt.  of  aample=D. 
Calculation  of  Results. 
Factors.  H^O,  x  0.49O4  =  HiSiF^ 

H,SO,X0.4080-HF. 
One  cc.  N/10 1=0.0041  g.  H^.. 
Symbols.     A  =  cc.  NaOH  for  total  acidity  {cold)-i-wt,  of  sample. 

B  =  cc.  of  NaOH  addition  for  HsSiK«  {hot)  +  wt.  of  sample. 
G  =  cc.  NaOH  for  H^O,  +  wt.  of  sample. 
D  — cc.  N/10  iodine-T-wt.  of  sample, 
FonnulK  for  Calculation.     If  E  =  value  of  1  cc.  of  the  standard  N/1  caustic 
in  terms  of  H,SO,  then 

PercentHF  =  (A-^  -C  )xEX0.408X100-0.2D: 


4-1 -c) 


Per  cent  H,SiF,=-BxEXO,4904X100; 

Per  cent  H^04=CXEX100; 

Percent  H,SOa  =  Dx0.0041X100. 

Residue.  This  la  determined  by  evaporation  of  15  to  20  grams  of  the  acid 
in  a  platinum  dish,  and  gentle  ignition  of  the  dry  residue. 

Notes  and  Pbecactlons.  \Vcighin)(a  should  be  made  quickly  in  covered  platinum 
wcJRhin^  bottles. 

The  end-noint  in  the  cold  titration  is  the  tirst  pink  that  pereista  for  15  seconds. 

It  is  advisable  to  weigh  out  the  sanii>le  for  the  Bul|)hurin  acid  determination  first 
and  start  the  evaiioration  to  facilitate  more  rapiil  results. 

iodine  is  preferred  to  |)ermanKaiiiilc  for  tilration  of  HjSOi  as  the  latter  also  litratea 
organic  matter  that  is  apt  lo  occur  in  the  acid. 


COMPLETE  ANALYSIS  OF  NITRIC  ACID 

The  acidity  of  nitric  acid  ubtoined  by  titration  with  standard  caustic  may  be 
due  not  only  to  HNOj  but  to  impurities  HiSO,,  HCl  and  lower  oxides  of  nitrogen, 
hence  for  extremely  accurate  analysis  it  is  essential  to  look  for  these  impurities 
and  make  allowances  accordingly  if  they  are  found  to  be  present.  Nitric  acid  may 
be  determined  directly  by  titration  with  ferrous  sulphate  according  to  the  pro- 
cedure pveD  in  detail,  page  1024;  this  titration  will  include  combined  nitrates  as 
well  as  the  free  acid,  whereas  the  titration  with  caustic  iiicludcH  only  free  acids. 
In  addition  to  the  above-mentioned  impurities,  commercial  nitric  acid  frequently 
contains  free  chlorine,  chlorides,  chlorates,  iodine,  iodides,  iodates,  silica,  and 
suspended  solids;  the  last  ia  reported  as  insoluble  residue.  In  an  analysis  of 
nitric  acid  the  impurities,  which  are  known  to  be  injurious  to  the  art  for  which  the 
acid  is  used,  are  looked  for  and  determined  if  present. 

Determination  of  Total  Acidity 

As  in  case  of  mixed  acids  and,  in  fact,  all  accurate  determinations  of  acids  with 
caustic,  such  an  amount  of  the  sample  should  be  taken  as  will  require  a  titration 
within  the  limits  of  the  standard  chamber  burette — 75  to  100  cc.  For  normal 
caustic  this  would  require  4.726  to  G.3  grams  of  100%  HNO,  or  a  fifth  or  tenth  of 
thi  amount  for  N/5  or  N/10  NaOH.  From  the  specific  gravity  of  the  acid  its 
approximate  strength  can  be  obtaine<l  i>y  referring  to  the  table  for  nitric  acid  end 
ralcultiting  the  volume  and  approximate  weight  required  for  analysis  (see  example 
under  Methods  of  Weighing  Acids— Dilute  Acids — Non-Volatile  under  Ordinary 
Conditiun-i,  page  1011). 

The  acid  is  weighed  in  a  weighing  Iwttle,  or  in  the  Dely  tube  or  Biay-Burk- 
haril  pipette,  if  it  is  a  fuming  acid.  The  titration  is  made  in  a  casserole,  the  acid 
iK-ing  mixed  with  150  to  200  cc,  of  COi  free  water  and  titrated  in  presence  of 
phenolphthalein  indicator.  (McthylHsrange  is  destroyed  by  nitrous  acid.)  The 
total  acidity  is  expressed  in  terms  of  H^SOi  if  other  acids  arc  present. 


Weight  of  the  sample 
Direct  calculation  to  HNOi-^ 


Weight  of  the  sample 


Determination  of  Sulphuric  Acid  in  Nitric  Acid 

.Alfout  10  grams  of  the  aci<l  are  evaporated  to  drj'ncas  on  the  steam  bath.  The 
residue  is  taken  up  with  about  10  cc.  of  water  and  the  evaporation  repeated  until 
free  from  nitric  fumes,  the  residue  finally  diluted  to  100  cc.  and  the  sulphuric  acid 
titrated  with  N/5  NaOH,  using  phenolphthalein  or  methyl-orange  indicator 
(jravimetrically  the  acid  may  be  prccipitikted  from  a  hot  solution  an  BaSO.  I)r 
addition  of  barium  chloride  reagent  according  to  the  method  for  detcmiining 
sulphur. 

One  cc.  N/5  NaOH  =0.000800  gram  H^O,. 

BaSO.X0.4202=H,SO..  Per  cent  =  100  divided  by  weight  of  sampleXH,SO, 
obtained. 

'  Approximate  strength  may  be  ascertained  by  taking  ihe  gravity  of  the  acid  and 
nfeniiig  to  the  table  following  on  page  IU2U. 
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Determination  of  Hydrochloric  Acid  in  Nitric  Acid 

A  &-  to  50-gram  aaiaple  is  taken,  that  is  to  say,  a  sufficient  amount  of  tlie  acid 
so  that  a  weighable  amount  of  ArCI  may  be  obtained.  The  sample  is  neariy 
neutralized  with  NH,OH  (it  should  be  slightly  acid  with  HNOi)  and  a  slight 
excess  of  silver  nitrate  reagent  added  to  the  hot  solution;  the  mixture  is  stirred 
thoroughly,  then  allowed  to  settle  for  one  or  two  hours.  The  AgCl  is  filtered 
through  a  weighed  Gooch  crucible  containing  an  asbestos  mat,  then  washed, 
dried  and  ignited  at  a  low  red  heat.  (See  general  method  for  the  determination  of 
chlorine.) 

Factors.  AgaxO.2474    =C1.    AgCIXO.2544  =HC1. 

AgClXO.34212  -equivalent  H,SO,. 

Find  the  per  cent  HCl  and  the  per  cent  equivalent  HfO^. 

Lower  Oxides.    Determined  as  Nitrous  Acid 

For  practical  purposes  the  lower  oxides  of  nitrogen  that  may  be  present  in 
nitric  acid  are  calculated  to  N,0:  or  HNOi.  If  it  is  desired  to  report  these  as  NiOt 
the  conversion  factor  given  below  may  be  used.  The  lower  oxides  may  be  obtained 
by  titration  with  standard  permanganate,  other  reducing  agents  being  absent. 
In  presence  of  organic  matt«r  titration  with  standard  iodine  solution  should  be 
made.     {See  general  procedure  for  determination  of  nitrous  acid,  etc.) 

It  makes  but  httle  difference  whether  the  permanganate  is  added  to  the  sample 
containing  nitrite  or  the  sample  added  to  a  measured  amount  of  permanganate, 
provided  in  the  first  method  the  titration  be  made  as  rapidly  as  possible  to  prevent 
oxidation  taking  place  due  to  dilution  of  the  sample  with  water.  The  end-point 
in  the  first  procedure  is  quicker  and  sharper. 

Potassium  permanganate  oxidizes  nitrous  acid  to  nitric  according  to  the 
reaction  2KMnO.-|-5HNO,+3H,SO,  =  K^O.-|-2MnS0,-|-5HNO,-l-3H,O.  There- 
fore! cc.of  N71  KMnO.  =0.02351  gram  HNO,  or  0.019  gram  N,0,. 

Twenty-five  cc.  of  the  acid  are  diluted  in  a  casserole  to  about  300  cc.  with  cold 
water,  and  25  cc.  of  dilute  H,SO(,  1  :  4  added.  The  solution  is  titrated  imme- 
diately with  N/5  KMnOt,  the  reagent  being  added  rapidly  at  first  and  finally 
drop  by  drop  as  the  end-point  is  approached.  The  reaction  near  the  end  is  apt 
to  be  slow,  so  that  time  must  be  allowed  for  complete  oxidation.  The  titration 
is  completed  when  a  pink  color  is  obtained,  that  persists  for  three  minutes. 

cc.  N/5  KMnO*X0.004702=gram  HNO,. 

The  result  multiplied  by  — i-  =  pcr  cent. 

wt.  sample 

HNOiX  1.0431  =equivaient  H,SO.. 


From  the  total  acidity  expressed  as  H,SO«  is  subtracted  the  acidity  due  to  HCl 
and  HNOi  (lower  oxides  of  nitrogen)  expressed  in  terms  of  H^SO*.  The  remainder 
is  due  to  nitric  acid,  in  terms  of  sulphuric  acid. 

H,SO*X1.285=HNO,. 


Determination  of  Iodine  in  Nitric  Add 

Fifty  cc.  of  the  acid  in  an  Erienmeyer  flask  is  neutralized  with  caustic,  the  mix- 
ture bemg  cooled  in  running  water  during  the  operation.  The  solution,  poured  into 
aseparstory  funnel,  is  made  acid  with  dilute  HiSO^-and  a  few  drops  of  1%  solution 
<rf  KNO,  added,  fallowed  by  al)out  25  cc.  of  CS,  or  CCl,.  The  mixture  is  shaken 
toextractthefreeiodinGaod  the  CS,  or  CCl.  drawn  off  and  the  extraction  repeated 
by  addition  of  KNOi  and  CSi  or  CCl.  until  all  the  iodine  has  been  extracted. 
Iodine  present  as  iodide  is  extracted  by  this  method.  To  obtain  the  iodine  from 
iodate,  US  water  is  added  and  the  extraction  with  addition  of  NaNOj  and  CSj 
repeated. 

The  combined  extracts  are  washed  in  a  separatory  funnel  until  free  of  acid. 
The  iodine  is  now  titrated  with  standard  sodium  thiosulphate  by  adding  25  to 
30  cc.  of  water  together  with  5  cc.  of  1%  sodium  bicarbonate  solution  (10  grams 
NaHCO.  per  litcr+l  cc.  HCl). 

One  cc.  N/10  Na*S,0,  =0.01269  gram  I. 

Reaetioru. 

2HI-l-2KNO,-|-H^O,  =  K,SO,+2H,0+I,+2NO; 
2Na3.0,-|-I,  =2NaI+Na,S,0.. 

Determination  of  Free  Chlorine  in  Nitric  Acid 

When  a  current  of  pure  air  is  passed  into  nitric  acid  containing  free  chlorine 
the  air  blows  out  the  chlorine.  If  air  aspirated  through  a  sample  of  nitric  acid  is 
passed  through  a  solution  of  potassium  iodide  the  free  chlorine  will  displace  the 
iodine.  The  liberated  iodine  may  now  be  titrated  with  standard  sodium  thio- 
sulphate and  the  equivalent  chlorine  calculated. 

Total  Non-Volatile  Solids 

These  may  be  determined  by  evaporating  a  large  sample  of, 100  to  200  cc.  of 
the  nitric  acid  to  dryness.  The  residue  ia  heated  gently  to  expel  the  last  traces 
of  nitric  acid  and  then  washed  into  a  platinum  dish,  again  evaporated  to  dryness 
and  ignited  to  a  dull  red  heat.    The  residue  is  due  to  non-volatile  solids. 


FERROUS  SULPHATE  METHOD  FOR  THE  DIRECT  DETERMI- 
NATION OF  NITRIC  ACID» 

Although  the  test  for  nitric  acid  by  ferrous  sulphate  in  presence  of  strong  sul- 
phuric acid  lins  lon^  been  known,  the  reagent  has  not  been  used  for  an  accurate 
quantitative  method  until  F.  C,  Rowman  and  W.  W.  Scott,  General  Chemical 
Company,  developed  the  procedure  herein  given.  Nitric  acid  may  be  determined 
quantitatively  in  arsenic  acid  by  titration  with  ferrous  sulphate  containing  free 
Gulphuric  acid.  The  method  is  also  applicable  to  the  determination  of  nitric  acid 
in  phosphoric  acid  and  in  sulphuric  acid,  including  oleums  and  mixed  acids. 
The  reaction  in  phosphoric  acid  and  arsenic  acid  goes  further  than  it  does  in 
sulphuric  acid.     The  following  eiiuationa  represent  the  reactions  taking  place; 

Reaction  in  Arsenic  or  Phosphoric  Acids: 

CFeSO,-|-2HNO,-|-3H^O*  =  3Fe,(SO.),+2NO-|-4H.O. 
Reaction  in  Sulphuric  Acid: 

4FeSO,+2HNO,+2H,SO4"2Fe,(SO0.+N,O,-l-3H,O. 

Oxidizing  agents  such  as  chlorates,  iodatea,  bromates,  etc.,  interfere,  owing  to 
their  oxidizing  action  on  ferrous  sulphate,  hence  these  should  be  absent  from  the 
sample  or  allowance  made,  If  appreciable  amounts  are  present.  NaCl  up  to 
.002  gram  docs  not  interfere;  lai^r  amounts  tend  to  lower  results.  KI  and  KBr 
react  in  a  similar  manner  to  NaCl,  0.002  gram  causing  no  interference.  KNOj 
present  in  amounts  up  to  50%  of  the  HNOi  does  not  interfere.  The  sample 
should  not  contain  over  25%  water,  nor  should  the  temperature  exceed  60°  C. 
during  titration,    0.1  to  O.H  gram  HNOj  are  accurately  titrated,  in  sulphuric  acid. 

Special  Reagents  Required.     Staiidard  Ferrout  Sulphate. 

A.  Reagent  to  be  Vaed  in  Titration  of  Nitric  Acid  in  Sulphuric  Acid, 
Oleum,  etc,  17fi.5  grams  of  FcSO,-7HiO  are  dissolved  in  about  400  cc.  of  water, 
and  500  cc.  of  al(out  60%  H^O,  (!  vol.  66°  B6.  acid  per  1  vol.  H^)  are  added 
with  constant  stirring,  and  the  solution  (cooled  if  necessary)  made  up  to  1000  cc. 
1  cc.  will  be  equivalent  to  0.02±  gram  HNO),  the  exact  value  being  determined  by 
standard  izatio  n . 

B.  Reagent  for  Titration  of  Nitric  in  Phosphoric  or  Artenic  Acid.  Fer- 
rous sulphate  to  be  used,  should  be  made  up  as  follows:  264.7  grama  of  FeSO«, 
7H,0  IS  dissolve<l  In  500  cc.  of  water,  50  cc.  of  06°  hi.  H^,  (93.2%),  added  and 
the  aolution  made  up  to  lOOO  cc.  1  cc.  will  be  equal  to  approximately  0.02  gram 
HNOi.  The  exact  strength  is  a.scertainod  by  titrating  a  known  amount  of  nitric 
acid  in  phosphoric  or  arsenic  acid  upon  warming  to  40°  or  50°^ 

Standard  Nitric  Acid.  The  acid  shouM  contain  about  40  grams  of  HNOt 
(100%)  per  liter  of  solution,  e.g.,  41  cc.  of  the  desk  reagent  (sp.gr.  1.42)  per  liter 
will  give  the  strength  desired,  tlie  exact  value  Itcing  determined  by  titration  of  th» 
acid  against  standard  caustic. 

PotoMium  Dichromale,  N/2  KtCr,0,  Solution.  The  exact  value  in  terms 
of  iron  should  be  known. 

'  The  Jour.  Ind.  Eng.  Chem.,  7,  7CC,  1915. 


standardization  of  Ferrous  Sulphate  Reagent 
L  TOration  against  standard  nitric  acid. 

A.  Reagent  to  be  Uaed  for  Determination  of  NUrle  in  Sulphuric  Aeid. 
10  cc.  of  the  standard  HNOi=0.4±  g.  {the  exact  amount  having  l>een  ascer- 
tained), is  run  into  100  cc.  of  66°  Ji6.  (03.2%)  H,SO,,  free  from  oxidizing  aRenta 
(HNOi,  etc.)  and  the  resulting  mixture  titrated  with  the  standard  KeSO*  solution 
according  to  the  directions  given  under  the  General  Procedure  for  determining 
HNO,  in  H,SO„  page  1026. 

Wmght  of  HNOi  taken  divided  by  cc.  of  FeSO.  minus  0.2  cc. '  =graras  HNO» 
cc.  FeSO.. 

B.  Standardixatlon  of  the  Reagent  Used  in  the  Determination  of  Nitric  in 
Artenie  and  Phosphoric  Acids,  10  cc.  of  the  standard  HNOi  =  0.4  ±  gram  (the 
exact  amount  having  t>een  ascertained)  is  rijn  into  100  cc.  of  HiAsOt,  or  M,FOi, 
according  to  the  product  to  he  titrated,  the  mixture  wanned  and  titrated  ac- 
cording to  directions  given  under  Procedure  for  determination  of  HNOi  in  areenic 
or  phosphoric  acid. 

Weight  of  HNO,  taken,  divided  by  cc.  FeSO,  =  grams  HNO.  per  cc.  FeSO,. 
S.  Standardidng  Ferrous  Sulphate  with  Standard  Potas«um  Dichromate. 

A.  Reagent  to  be  Used  in  Determination  of  Nitric  in  Sulphuric  Acid. 
25  cc.  of  N/2  KtCrift  (or  125  cc.  N/10  K.Cr.O,),  are  accurately  measured  out 
into  a  250-cc.  beaker  and  the  solution  titrated  with  the  FeSO.  reagent,  until  the 
first  fraction  of  a  drop  of  excess  produces  a  blue  color  with  potassium  ferricyanide 
indicator  on  a  spot  plate.  Usually  between  19  to  20  cc.  are  required.  The  iron 
value  of  the  dichromate  multiplied  by  0.5643  =gram  HNO.  for  the  total  cc.  of 
FeSO.  required  in  the  titration. 

Calculation. 

Since  N/2  K.CrA  =0.024517  gram  salt,  1  gram  K,Cr,0, -1.138S2  Fe,  there- 
fore 25  cc. -0.024517X1.13882X0.5643X25=0.3939  gram  HNO,  equivalent. 

0.3939  divided  by  cc.  FeSOi  required  in  the  titration  =  grama  HNO,  equiv- 
alent per  cc. 

B.  Reagent  to  be  Used  in  Determination  of  HNO,  in  H,AsOt  or  HJ'O,.  3S 
cc.  of  K,CriO)  solution  are  titrated  with  FeSO,  according  to  directions  given  in 
"  A  ".    The  Fe  value  multiplied  by  0.3762  =  gram  HNO,. 

Calculation.     38cc.ofK,Cr,0,  =0.024517x1.13882X0.3762X38-0.3991  gram 
HNOi  equivalent.    0,3991  divided  by  cc.  FcSO,  required  in  the  titraljon  =grams 
HNO,  equivalent  per  c.c. 
Factors. 

K,Cr,0,  to  Fc  =  1.13882,  pcciprocal=0.S78I. 

2Fe  to  HNO,-0.5fl43,  recip.  =  1.7722.     3Fc  to  HNO,"0.3762,  recip.=2.6582. 

HNO.  to  2FeSO,.7H,0=8.82.^5  recip.  =0.1 133. 

HXO,  to  3FeSO..7H,0  =  13,2348,  rccip.  =0.07556. 

KiCriO,  toHSO,=0.6420,  recip. -1.5562.     (Titration  of  A  reagent.) 

K,CrA  to  HNO,  =0.4284,  recip.  =  2.3342.     (Titration  of  B  reagent.) 

',^n  exceM  of  0.2 cc.  FeSO,  is  requirwl  lo  pro<lucc  the  dcaircil  color  reaction  in 
100  cc.  of  pure  HiSO.. 


General  Procedure.    Determination  of  Nitric  Acid  ia 
Sulphuric  Acid^ 

The  procedure  ia  applicable  to  the  detemiinEtion  of  nitric  acid,  free  or  combined 
as  nitrate,  Bulphuric  acid  being  used  aa  the  medium  in  which  the  titration  is  made. 
Although  O.I  to  0.8  gmmHNOjmay  he  accurately  titrated,  it  is  a  general  practice 
to  have  the  nitric  acid  content  of  the  sample  taken  for  the  titration  about  the 
same  as  the  amount  taken  in  standardization  of  the  FeSOt  reagent:  A  preliminary 
run  on  the  original  material  ia  made,  if  the  approximate  nitric  acid  content  is  not 
known.  Solids  are  dissolved  in  water  and  made  to  the  desired  volume,  strong 
HNO,  is  diluted  with  wat«r,  in  either  case  the  dilution  should  be  such  that  10  cc, 
of  the  solution  will  contain  approximately  0.4  gram  HNO..  Mixed  acids  and  oleum 
containing  over  10%  HNO.  should  be  mixed  with  additional  66°  B6.  {93+por  cent 
HiSO,)  and  made  to  a  definite  volume,  an  aliquot  part  being  taken  for  titration. 

Evaluation  of  Nitric  Acid  or  Nitrates 

If  the  nitric  acid  is  known  to  be  free  of  other  acids  it  may  be  titrated  directly 
with  caustic;  combined  nitrate  cannot  be  titrated  with  caustic,  but  may  be  accu- 
rately determined  by  the  ferrous  sulphate  method.  The  approximate  strength 
of  the  HNOj  or  salt  having  been  determined  on  1  cc,  or  1  gram  sample  (if  tlic  ma- 
terial is  a  solid),  the  requisite  amount  is  weighed  and  made  to  volume.  10  cc; 
of  vhich  should  contain  not  more  than  0.8  gram  or  less  than  0.1  gram  HNOi,  pref- 
erably about  0.4  gram. 

Example.  Suppose  1  cc.  required  a  titration  of  43. S  cc.  FeSO«,  10  cc.  would 
require  a  titration  of  438  cc,  whereas  20  cc.  is  desired.  438  divided  by  20  =approx- 
imatcly22,  e.g.,  the  dilution  should  he  to  22  volumes.  23  cc,  of  the  solution  diluted 
to  500  cc.  will  give  a  mixture  of  the  desired  strength.  23  cc.  are  accordingly 
weighed  in  a  weighing  bottle,  the  acid  washed  into  a  beaker  transferred  then  to 
the  graduated  500-cc.  flask  and  made  to  volume.  The  preliminary  run  may  be 
made  in  two  or  three  minutes. 

Titration.  A  250-cc,  beaker  containing  100  cc.  of  strong,  nitric  free,  H.SOt 
{93+%)  is  placed  in  a  large  ras.serole  or  deep  porcelain  dish  containing  cold  water. 
10  cc.  of  the  sample  arc  measured  out  in  an  accurately  marked  pipette,  graduated 
to  contain  exactly  10  cc.  The  solution  is  run  under  the  surface  of  the  sulphuric 
acid,  the  delivery  tip  of  the  pipette  l)cing  kept  in  con.stant  circular  motion  to  pre- 
vent too  much  local  heating.  Since  the  sides  of  the  beaker  are  cooled,  the  tip  of 
the  pipette  should  be  kept  against  the  sid«4  in  the  circular  sweep  during  the  de- 
livery.   By  this  procedure  loss  of  nitric  acid  k  reduced  to  the  minimum. 

The  ferrous  sulphate  solution  is  now  added  from  a  burette  in  a  fine  stream  until 
the  yellow  color  that  first  forms  takes  on  a  faint  brownish  tinge  (dirty  yellow). 
The  pipette  is  now  rinsed  out  by  sucking  up  the  mixture  and  draining  it  back  into 
the  beaker.  The  titration  is  now  completed,  adding  the  FeSOt  cautiously  drop  by 
drop  until  the  yellowish  brown  color  i^ain  appears,  a  drop  in  excess  producing 
an  appreciable  darkening  r>f  the  solution.  A  larger  excess  produces  a  brownish 
red  color.  With  small  amounts  of  HN'O.  a  pink  color  will  be  obtained,  instead  of 
the  yellowish  brown.     The  end-point  once  recognized  is  readily  duplicate*!. 

Calculation.  The  cc.  titration  miniis  the  blank  0.2  cc.  multiplied  by  the 
factor  for  FeSO,  =  weight  of  HNO,.     HNOaXlOO-^wt.  =  per  cent. 

Example.  Suppose  10  cc.  equivalent  to  1/50  of  a  42-g.  sample  weighed, 
requires  22  cc.  FeSO.  whose  value  =  0.02  g.  HNO,  per  cc,  then  (0-44 X 100) /0. 84 
=  32.4%  HNO,. 


Determination  of  Nitric  Acid  In  Oleum  or  in  Mixed  Acids. 
Ferrous  Sulphate  Method 

The  rapidity  and  accuracy  of  the  method  for  deterinininR  HNOi  in  sulphuric 
add  makes  it  valuable  for  determining  nitric  acid  in  oleums  and  mixed  acids. 
Nitrated  oleums  may  be  weighed  and  titrated  without  diluting  to  definite 
volume,  mixed  acida  contuininf;  larRe  percentageti  of  nitric  acid,  however,  re- 
quire dilution  with  H^Oj,  as  stated  under  General  Procedure. 

Procedure.  The  sample  may  be  weighed  in  a  Dely  weighing  tube  (see  analysis  of 
oleum  and  mixed  acids),  or  in  a  standard  pipette  (5  cc.  generally  taken -^9.61  grunuj. 
U  the  latter  is  used,  the  sample  is  sucked  into  the  pipette,  a  rubber  tube,  with  glass 
bead  valve,  being  attached  to  the  upper  end,  to  which  suction  is  applied  without 
danger  of  drawing  SOi  fumes  int«  the  mouth.  A  little  vaseline  placed  on  the  tip 
of  the  pipette  prevents  loss  of  acid  during  the  weighing.  In  routine  analysis, 
where  a  lance  number  of  daily  samples  of  oleum  are  analyzed,  and  the  specific 
(travity  of  the  oleum  doesnotvaryappreciably,  5- to  10-cc.  samples  may  be  drawn 
out.  by  mesne  of  a  pipette,  and  titrated  without  weighing,  the  weight  being  cal- 
culated from  the  gravity. 

The  acid  is  run  under  cold  concentrated  H,SO.  (93%),  and  titrated  according 
to  directions  under  General  Procedure  for  Nitric  acid.  A  blank  of  0.2  cc'  having 
been  deducted,  cc.  FeSO.XHNO,  factor  for  FeSO.XlOO  divided  by  wt.  taken 
-per  cent  HNO,. 

CatrectkMi  Factor.  In  making  a  number  of  runa  with  varying  amounts  of  HNOi, 
it  was  found  that  small  quantities  of  nitric  acid  required  a  proportional  Erester  amount 
of  FeSOi  than  larger  quantities  of  HNOi.  For  example,  0.07392  gram  HNOi  required 
3.9  cc.  Ft^RJi,  four  times  the  amount  of  HNOi  required  15  cc.  KeSOi,  in  place  of  15.6. 
(3.9  X4)  and  six  times  0.07392  gram  HNOi  required  22.5  cc.  FetjO.  in  place  of  23.4.  It 
waa  observed  that  even  traces  of  HNOi  required  a  titration  of  over  0.2  cc.  It  is  evi- 
dent that  a  deduction  of  0.2  cc.  mokes  the  titrations  multiples  of  the  lowest,  e.g.,  3.7, 
14.S  and  22.3.  Again  it  wa«  found  that  standardization  of  KeKO.  with  HNO,  checked 
the  dichromate  factor  when  0.2  cc.  was  deducted  from  the  first  series  of  titrations.  Thia 
led  to  the  conclusion  that  a  constant  blank  of  0.2  cc.  should  be  deducted  from  the  ferrous 
sulphate  titrations  of  nitric  acid  in  presence  of  100  cc.  of  nitric  free  sulphuric  acid, 
(66°  B*.). 

Comparison  of  results: 

FeSOi  value  by  HNOi  corrccted'0.02067  gram.    Uncorrected  =0.02045  gram  HNOi. 

FeSOtvaluebyKiCnO,  titration -0.02083  gram  HNO,. 

Accuracy  of  the  Ferrous  Sulphate  Method.  Itcaults  obtained  by  the  ferrous  sul- 
phate method  sgree  closely  with  those  obtained  by  the  nitrometer.  The  following 
data  were  obtained  by  Mr.  B.  8.  Clark,'  by  the  FcSOi  method,  on  nitrated  oleums. 
The  fij;urca  below  the  Rrat  row  arc  checks  obtained  on  these  samples  by  purchasers  of 
the  and,  the  nitrometer  method  being  used. 

FeSOimpthod.  2.40;  2.82;  3.23;  3.35;  3.52;  3.50;  3.4S;  3.57;  3.53;  3.56. 

Nitrometer  method.  2.35;  2.79;  3.20;  3.39;  3,57;  3,53;  3,50;  3,58;  3.57;  3,56. 

Difference.  0.05;  0.03;  0.03;  0.04;  0.05;  0.03;  0.02;  0.01;  0.04;  0.00. 

'  Back  titrations  of  the  excess  of  FeSOt  may  be  made  with  standard  KiCrgOt,  using 
the  ferricyanide  spot  test  for  ferrous  iron. 

Sp.icr.  of  twelve  average  samples  of  oleum  had  a  iliffercnce  of  only  0.01.  5  ec. 
wriidis  9.61  grams.  This  is  found  convenient  for  analysis.  10  re.  =  19.22  grams  will 
Bflially  give  a  titration  of  about  30-f-cc.  on  the  usual  nitrated  oleum. 
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Determination  of  Nitric  Acid  in  Arsenic  and  Phosphoric  Acids 
by  the  Ferrous. Sulphate  Method 

A  direct  procedure  for  the  determination  of  nitric  acid  in  arsenic  acid  or 
phosphoric  acid  lias  been  sought  on  account  of  the  inaccuracy  of  the  evaporation 
method,  since  it  is  difficult  to  completely  expel  HNOj  from  these  acids.  Ferrous 
sulphate,  in  presence  of  sulphuric  acid,  quantitatively  titrates  nitric  in  arsenic 
acid,  the  following  reaction  taking  place: 

6FeSO,+2HN0,+3H^0.+xHu\s0.=3Fe,(S0.).+2N0+4H.O+xHAsO4. 

The  procedure  is  applicable  to  the  determination  of  nitric  acid  in  phosphoric 
acid,  the  end-point  being  sharper  in  this  acid  than  in  arsenic.  The  procedure  gives 
very  excellent  results  in  either  acid  and  is  recommended  for  accuracy  and 
rapidity. 

Standardization  of  Ferrous  Sulphate  has  already  been  given  under  special 
reagents.  It  must  be  remembered  that  the  arsenic  or  phosphoric  acid  diluents 
should  be  free  from  nitric  acid  or  the  blank  on  100  cc.  be  ascertained  and  de- 
ducted from  titrations  made  in  this  diluent. 

I*rocedure.  The  amount  of  the  sample  to  be  taken  is  governed  by  the  nitric 
acid  present  as  an  impurity.  This  may  be  quickly  determined  by  a  preliminary 
run  on  a  10-cc.  sample,  the  diluent  being  the  same  acid  (HNOi  free)  as  the  acid 
titrated. 

Example.  Suppose  10  cc.  require  a  titration  of  4.5  cc.  of  FeSOi,  whereas  a 
titration  of  20  cc.  is  desired,  then  20X  10t-4.5  -44.44  cc,  of  the  sample  required. 

The  required  amount  of  the  acid  is  measured  out  and  weighed,  if  its  sp.gr.  is 
not  known.  The  acid  is  poured  into  a  4-in.  casserole  and  diluted  with  100  cc. 
of  nitric  free  acid  of  the  same  kind  as  that  being  titrated.  The  mixture  is  genUy 
warmed  to  40  to  50°  C.  and  titrated  with  standard  ferrous  sulphate  reagent  to  a 
permanent  yellowish  brown.  Towards  the  end  of  the  titration  the  acid  will  boil 
with  each  addition  of  the  FcSOi  and  the  characteristic  reddish  yellow  fumes  wiU 
be  given  off.     (This  does  not  occur  in  titrations  of  HNd  in  HjSO,.) 

When  very  small  amounts  of  nitric  acid  are  present  it  is  often  necessary  to 
add  a  known  amount  of  UNO]  to  start  the  reaction.  The  titration  in  excess  of 
that  required  by  the  added  HNOi  is  due  to  the  nitric  acid  in  the  sample.  Very 
small  amounts  of  HNOi  produce  a  pink  color. 

Calculation  cc.  FeSO.XHNO,  factor  for  FeSO.XlOO  divided  by  weight  taken 

=  per  cent  HNOj. 
Factors.     Fe  to  HNO,  -0.3762.     Reciprocal  =2.6582. 

Note.    Id  a  20-gram  sample  1  cc.  0.02  re;^^nt=0.1%  per  cc. 

DETERMINATION  OF  NITROUS  ACID  OR  NITRITE 
PERMANGANATE  METHOD 

vith  nitrous  acid  or  a  nitrite 

5N!0,+4KMnO,-|-CH,S0.  =  5N,0,+2K,SO.+4MnSO«+6H,O. 
5HNO,+2KMnO,-|-3H^O<  =  5HNO,-|-K,tiO,-l-2MnSO,+3H,0. 

Details  of  the  general  procedure  for  nitrites  is  given  on  page  358,  Vol,  I, 
Nitrous  acid  in  nitric  ucid  may  be  determined  as  stated  on  page  1022.  Lower 
oxides  of  nitrogen  in  mixed  acids  are  determined  as  outlined  on  page  1042. 


NITRIC  ACID 
By  W.  C.  FntiansoN 


■Dtfita, 

%.'"■ 

. 

PeiG»t 

IMglM* 

"fc-^J- 

ParOU 

b^^- 

TwaddtU 

HBO.. 

^''■ 

TwSdcU. 

rao,. 

10  00 

1 .0741 

14.82 

12  86 

21.25 

1.1718 

34  36 

28.02 

10.25 

1  0761 

15.22 

13.18 

21.50 

1,1741 

34  82 

28.36 

10.50 

I .0781 

15.62 

13  49 

21.75 

1  1765 

35,30 

28.72 

10.75 

1.0801 

16.02 

13.81 

22.00 

1-1789 

35. 78 

29.07 

11.00 

1 .0821 

16-42 

14.13 

22.25 

1.1813 

36  26 

29  43 

11.25 

1.0841 

1C.82 

14.44 

22.50 

1-1837 

36.74 

29  78 

11.50 

1.0S61 

17.22 

14.70 

22.75 

l.lSGl 

37.22 

30.14 

11  75 

1.0881 

17  02 

15  07 

23,00 

1,1885 

37.70 

30,49 

12  00 

1.0002 

1804 

15  41 

23.25 

1.1910 

38  20 

30.86 

12.25 

1.0022 

18.44 

15.72 

23.50 

1.1934 

38.08 

31.21 

12.50 

1.0043 

1880 

10.05 

23.75 

1.1959 

39.18 

31.58 

12.75 

1.0964 

19  28 

15  39 

24.00 

1,1983 

39.66 

31.94 

13  00 

1.0985 

19  70 

16.72 

24.25 

1.2008 

40.16 

32.31 

13,25 

1.1006 

20.12 

17.05 

24.50 

1-2033 

40  66 

32  68 

13.50 

1   1027 

20  5-1 

17  38 

24.75 

12058 

41.16 

33  05 

13.75 

1.1048 

20  90 

17.71 

25.  CO 

1.2083 

41.06 

33.42 

14.00 

1.10G9 

21.38 

13  04 

25.25 

1.2109 

42.18 

33  80 

14.25 

1   1090 

21.80 

IS  37 

25.50 

1  2134 

42  68 

34  17 

14  50 

1.1111 

22,22 

18.70 

25.75 

1  2160 

43.20 

34  56 

14.75 

1.1132 

22  61 

19.02 

20.00 

1  2185 

43.70 

34.94 

15.00 

I  1154 

23.08 

19.30 

26,25 

1.2211 

44.22 

35  33 

15.25 

1.1176 

23.52 

19.70 

20.50 

1.2236 

44.72 

35.70 

15.50 

1.1197 

23.94 

20.02 

26  75 

1.2262 

45.24 

36  09 

15.75 

1.1219 

24.38 

20.36 

27.C0 

1.2288 

45.76 

36.48 

16.00 

1.1240 

24  80 

20.09 

27,25 

1.2314 

46.28 

36  87 

16.25 

1.I2C2 

25.24 

21.03 

27.50 

1  2340 

46.80 

37  26 

16  50 

1  1284 

25  C3 

21  30 

27.75 

1  23G7 

47.34 

37.67 

16.75 

1.1306 

2C.12 

21.70 

28  00 

1.2393 

47.86 

38,06 

17  00 

1.1328 

26.50 

22  04 

28.25 

1  2420 

48.40 

38  46 

17.25 

1.1350 

27.00 

22  28 

28.50 

1-2440 

48.92 

38.85 

17.50 

1.1373 

27.40 

22  74 

28  75 

1  2473 

49  46 

39.25 

17.75 

1.1395 

27.90 

23.08 

20.00 

1  2500 

50.00 

39  66 

18.00 

1.1417 

28, ai 

23  42 

29-25 

1.2527 

50.54 

40.06 

18.25 

1.1140 

28.80 

23.77 

29.50 

1.2554 

51.08 

40.47 

18.50 

1.1462 

29.24 

24.11 

29.75 

1.2582 

51.04 

40.89 

18.75 

1.1485 

29,70 

24.47 

30.00 

1.2009 

52.18 

41  30 

19  00 

1.1508 

30-16 

24,82 

30.25 

1.2037 

52  74 

41  72 

19.25 

1.1531 

30.02 

25.18 

30.50 

1.2004 

53  28 

42  14 

19.50 

1.1554 

31.08 

25  63 

30  75 

1.2692 

53.84 

42  58 

19.75 

1.1577 

31.54 

25  88 

31.00 

1.2719 

54.38 

43  00 

20.00 

1.I6C0 

32  00 

2G  24 

31.25 

1.2747 

54.94 

43.44 

20.25 

1 . 1624 

32.48 

.  26,61 

31,50 

1.2775 

55.50 

43  89 

20.50 

1.1647 

32.94 

26.96 

31  75 

1.2804 

56  08 

44  34 

20.75 

1.1671 

33.42 

27  33 

32  00 

1  2832 

50.64 

44.78 

21.00 

1.1694 

33.88 

27-67 

32  25 

1.2861 

57.22 

45  24 

NITRIC  ACID   (Continued) 


D.CCM. 

K- 

Dtgnt* 

PerCCDt 

DCfTM* 

r- 

„ 

Per  Cant 

Biunt. 

Ir-^ 

TwaddcU 

HMO,. 

Biuni. 

Twudall 

BHO.. 

32.50 

1,2889 

57,78 

45,68 

40-75 

1.3909 

78,18 

63.48 

32.75 

1.2918 

58.36 

46,14 

41.00 

1,3942 

78.84 

64.20 

33.00 

1.2946 

58.92 

46,58 

41.25 

1.3976 

79.52 

64.93 

33.25 

1.2975 

59,50 

47.04 

41.50 

1 ,4010 

80,20 

65.67 

33.50 

1.3004 

60.08 

47,49 

41,75 

1.4044 

80.88 

66.42 

33.75 

1,3034 

60,68 

47.95 

42.00 

1.4078 

81.56 

67.18 

34.00 

1.3063 

61.26 

48.42 

42.25 

1.4112 

82,24 

67,95 

34.25 

1.3093 

61, 8C 

48,90 

42,50 

1.4146 

82,92 

68.73 

34.50 

1,3122 

62,44 

49,35 

42,75 

1,4181 

83.62 

69.52 

34,76 

1.3152 

63,04 

49.83 

43.00 

1,4216 

84-32 

70.33 

35.00 

1,3182 

63,64 

50,32 

43,25 

1.4251 

85,02 

71,15 

35.25 

1,3212 

64,24 

50,81 

43,50 

1.4286 

85.72 

71.98 

35.50 

1,3242 

64,84 

51,30 

43.75 

1.4321 

86,42 

72.82 

35.75 

1.3273 

65.46 

61.80 

44,00 

1,4356 

87.12 

73.67 

36.00 

1.3303 

66,06 

52.30 

44,25 

1.4392 

87.84 

74,53 

36.25 

1.3334 

66,68 

62,81 

44.50 

1,4428 

88,56 

75.40 

36.50 

1,3364 

67,28 

53.32 

44.75 

1.4464 

89.28 

76,28 

30.75 

1,3395 

07.90 

53,84 

45,00 

1,4500 

90,00 

77.17 

37.00 

1,3426 

68.52 

54.36 

45,25 

1.4536 

90,72 

78.07 

37.25 

1.3457 

69.14 

54,89 

45.50 

1 ,4573 

91.46 

79,03 

37.50 

1.3488 

69.76 

55.43 

45,75 

1 ,4610 

92,20 

80.04 

37. 75 

1.3520 

70.40 

55,97 

46,00 

1,4646 

92.92 

81,08 

38.00 

1,3551 

71.02 

56,52 

46,25 

1.4684 

93.68 

82.18 

38.25 

1.3583 

71,66 

67,08 

46.50 

1.4721 

94,42 

83.33 

38,50 

1.3615 

72,30 
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Sjieclfle  Orailtf  detarmlDStlonB  ireto  miulB  nt  W°  F..  oompsrert  with  wstar  Bt  W  V. 
From  tbe  Specfac  Urarltlei,  Itie  correeponilliig  icginet  BhuiuS  wore  osculated  by  Uia 
following  f omiulfl :  b        *  — 14'         '*" 

Baumt  Hjrarometert  for  une  with  this  Ubla  muBt  bo  ereduated  by  the  aboTs  fonnnU, 

AMuilc  weighta  Irum  F.  W,  Clarke's  table  of  1901. '  0  =  K. 
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VOLUMETRIC  DETERMINATION  OF  PHOSPHORIC  ACID 
AND   ITS  SALTS   (METHOD  OF  SMITH) 

In  titrating  free  phosphoric  acid  it  must  be  borne  in  mind  that  NaH2P0i 
reacts  acid  to  phenol phth&lein  and  neutral  to  methyl  orange,  while  NaiHFOi  is 
neutral  to  phenol phtbaleiti  and  basic  to  methyl  orange.  The  reactions  arc 
shown  as  follows: 

H,PO,+2NaOH-2H,0+NajHPO(  (neutral  to  P.  acid  to  M.O.) 

H.PO,  =  Na0H  =  NaH,PO«  =  H,O+NaH,P0,  (neutral  to  M.O.  acid  to  P.) 

J.  H.  Smith  outlines  the  following  process  for  analysis  of  phosphoric  acid 
fre«  and  combined: 

Procedure.  Take  five  or  six  grams  of  the  material  and  dissolve  in  the 
minimum  quantity  of  distilled  water.  Add  two  drops  of  phenolphthalein.  If 
the  solution  is  not  colored  pink  by  the  indicator  the  absence  of  trisodium 
phosphate  (Na.POi)  and  sodium  carbonate  (NajCOj)  may  be  assumed.  Heat 
to  55"  C.  and  titrate 'with  N/1  NaOH  to  the  characteristic  pink  endpoint,  being 
particularly  careful  to  keep  the  temperature  at  55°  C.  when  near  the  end- 
point.  This  precaution  should  be  observed  in  all  the  titrations  as  the  tempera- 
ture governs  the  accuracy  of  the  titrations  (see  paper  by  Smith). 

Record  this  titration  as  "  A  "  and  the  cc.  NaOH  required  as  (a). 

The  solution  is  now  titrated  back  with  N/1  HCl,  using  a  few  drops  of 
methyl  orange  as  indicator,  to  the  pink  endpoint. 

Record  this  titration  as  "B"  and  the  cc.  acid  re<iuired  as  (6). 

Calculation  of  the  Composition.  If  the  solution  contains  only  NaiHPOt 
+NaHiPOj  or  NaH-POt+HiPO«  or  only  one  of  these  compounds  we  may 
ansume  the  following: 

If  (a)  is  greater  than  (6) 

(o)-(6)=cc.  equivalent  of  N/1  HjPO*, 
(6)  =cc.  equivalent  of  N/1  NaH,PO<. 

If  (b)  is  greater  than  (a) 

(6)-(a)  =  Na,HP0,, 
(aj-NaHiPC. 


If(a)  =  {b) 
If  (a) -2(6) 


Each  titration  — NaHiPOi  present. 


Only  H1PO4  is  present. 

To  AscertidD  tbe  Presence  of  Other  Salts.  Add  N/1  HCl  (cc.  HCl  the 
same  as  cc.  in  titration  B).  Call  this  {b').  Boil  for  at  least  15  minutes.  By 
this  procedure  metaphosphoric  acid  or  its  salts  is  converted  to  the  ortho- 
phosphate  form,  alkaline  salts  containing  carbonates  are  destroyed  and  Cd 
evolved.  Cool  the  solution  to  55°  C.  and  titrate  back  with  N/1  NaOH  first  to 
"B"  point  in  which  (6")  cc.  of  alkali  ia  used,  and  finally  to  third  endpoint  (C), 
where  the  phenolphthalein  pink  color  is  reached.  The  cc.  N/1  NaOH  required 
is  recorded  as  (c). 

In  titrating  back  after  boiling,  the  (&")  amount  of  alkali  required  to  reach 
the  methyl  orange  point  where  the  pink  coloration  just  appears  should  always 
be  the  same  amount  as  the  (6')  excess  of  acid  added  for  boiling  (except  in  the 
case  of  polyphosphates  being  present — see  paper).  A  slight  lues  of  HCl  during 
boiling  may  cause  (b")  to  be  less  than  (b').  In  any  case  it  is  preferable  to 
consider  the  point  reached  after  addition  of  the  (6")  quantity  of  alkali  as  the 
identical  point  with  B,  so  that  (6')  and  (b")  are  not  used  in  the  calculation,  but 
^'mply  employed  as  a  comparative  check  on  each  other. 

>  J.  a.  Smith,  80c.  Cbem.  Ind.,  36,  415  (ISITV 
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If  the  "C"  point  coincides  with  the  "A"  point,  i.e.,  if  (c)  =  (6)  metaphos- 
phoric  acid  and  its  Baits  as  well  as  carbonates  in  the  original  substance  are 
excluded. 

If  (c)  is  greater  than  (b)  the  presence  of  metaphosphates  is  indicated. 

If  (c)  is  less  than  (6)  carbonates  are  evidently  present. 

With  the  aid  of  the  three  fixed  points  "A,"  "B,"  "C"  and  the  amounts  of 
aci<l  or  alkali  required  to  reach  them,  i.e.,  (a),  (b)  and  (c)  it  is  possible  to 
calculate  the  percentages  of  practically  all  the  phosphoric  acids  and  their  salts, 
which  may  exint  together  in  a  compound,  including  the  carbonates  and  the 
free  alkali,  which  may  be  present  with  them. 

Calculation  of  Constituents  in  a  Mixture  of  Phosphates 

If  (a)  is  greater  than  (b) 
((0-(6)  =  H,PO,.       2(6)-(n)-NaH,PO,,       (e)-((.)  =  NaPOj  {generally  nil). 
If  (a)  is  greater  than  2{(i)  ^ 

Then  (n) —2(fc)  =  measure  of  metaphosphoric  acid  or  the  foreign  acid 
present. 
If  (ii)  is  les.-t  than  (6) 

(a)  is  the  measure  of  NuHjPO,.     (6)  -  (a)  =  NajIlPO,, 
((■)-(6)«NaP0,  {usually  nil). 
With  alkaline  salts  "C"  coincides  with  "A,"  i.c.,  when  no  carbonate  is 
present. 

If  (a)  is  less  than  {&)  then 

(a)  is  a  measure  of  Nft,P04,        (6)  -  (n)  -=  NaiHPO,. 
Where  (c)  is  less  than  (b),  i.e.,  when  carbonate  is  present. 
If  (n)  is  less  than  {(.) 

(a) +(c)  -  (6)  =  Na>PO.,         (6)  -  (a)  =  Na.HPO,,         (6)  -  {c)  =  Na,CO,. 
Where  no  carbonate  is  present  and  (a)  is  greater  than  (6). 

{(.)  =  Na,PO,,         J{a-6)  =  Na,0. 
Where  carbonate  is  present  and  (a)  ih  greater  than  (6) 

(6)  -  {c)  =  Xa,CO,,         (c)  =  Na,PO*,         Ua-b)  =  Na^O. 
In  calculating  the  weight  of  constituents  from  the  above  formulae,  siticr 
normal  solutions  arc  used  in  the  titrations  each  cc.  is  e(iuivBlcnt  to  molecular 
weights  divided  by  1/1000.     In  case  of  NasCOi  and  NajO  the  absolute  weights 
are  1/2000  of  the  re.spcctive  molecular  weights. 

1  eft.  EquiTsl^nt  ol  1  «.  EquivmleDt  of 

Formulv      Mol.  Wt.  TitrBIion  Formuln         Mol.  Wt.  TitntioD 

H,PO,....  98.U  0.09814b.  NaPO,....  80.05  0.08005 

NaH,P(>.    120.05  0.12006  Na,GO, .  . .  106.01  0.053005 

Na,HPO,.  U2.0.'j  0.142ft5  Na,0 62.00  0.031 

NaiPO,,  .  .164.04  0.16404 

With  water  of  crystaUization  NaH,PO«.H,O  =  138.07,  NaH,P04.2H.O 
=  150.09,  NajHPO<.12H,0  =  358.24,  Na,PO..12HiO  =  380.23,  Nr,CO,.10H,O 
=  286.17,  NaiC0,.HiO  =  124,02. 

Notes. — In  presence  of  meln  or  pyro  acida  and  their  solta  it  is  well  to  verifv  the 
results  with  qualitative  leals.  When  pyro  acid  is  present  point  "^4"  is  obscuTM  and 
Ups  mueh  nearer  'B,"  but  the  correct  "A"  point  is  "C"  obtained  aft*r  boiling  with 
the  ex<'ca3  acid. 

In  presence  of  mctapliosphat' 
H^O,  ami  evaporatintc  to  near  d 

Phonphates  attack  glass  combining  with  the  alkali  present. 
obtained  in  the  titrations  cr '■  "■-- "■ — 
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10.0 
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9.5 

13.09 
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10.33 
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1. 928 
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1.255 
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1.S21 
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1.249 
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1.045 

6.0 

8.26 

1.513 

49.5 

68.19 

1.244 

27.5 

37.88 

1.041 

5.6 

7.57 

1.505 

49.0 

67.50 

1-239 

27.0 

37.19 

1.037 

5.0 

6  89 

J. 498 

48-5 

66.81 

1.233 

26.5 

36.50 

1.033 

4.5 

6.20 

1-491 

480 

66.12 

1.228 

260 

35,82 

1.029 

40 

5.51 
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47.5 
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25.5 
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25.0 
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3.0 
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1.489 

46.5 

M.06  1 
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24.5 

33.75  1 

1.017 

2.5 
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ANALYSIS  OF  SULPHURIC  ACID 

Sulphuric  acid  made  by  the  contact  process  is  «xceediugly  pure,  the  prin- 
cipal impurity  being  iron,  which  causes  turbidity  in  strong  acid.  The  acid 
made  by  this  process  is  99%  strength.  This  is  diluted  to  66°  Be  (93.19% 
HiSOi)  and  is  known  a.s  oil  of  vitriol.  The  acid  is  also  commonly  marketed  as 
CO"  Be  acid  (77.67%  HjSO*)  and  50=  Be  acid  (62.18%  H,SO0  obtained  by 
further  dilution  of  the  stronger  acid.  50°  Be  acid  is  also  obtained  by  the 
chamber  process;  this  acid  is  not  as  pure  as  that  produced  by  the  contact  ■ 
process.  The  impurities  occurring  in  sulphuric  acid  are  iron,  lead,  copper, 
zinc,  antimony,  selenium,  arsenic,  sulphur  dioxide,  hydrochloric  acid,  hydro- 
fluoric acid,  nitric  acid. 

Sulphuric  acid  up  to  93%  strength  may  be  determined  with  a  fair  degree  of 
accuracy  by  ascertaining  its  specific  gravity  by  means  of  a  hydrometer  and 
referring  to  the  tables  on  sulphuric  acid. 

Sulphuric  acid  readily  absorbs  SOi  so  that  its  acidity  may  be  considerably 
over  100%.  This  acid,  commonly  known  as  oleum,  fumes  when  exposed  to 
the  air  due  to  its  low  vapor  tension,  the  SO]  combining  with  the  moisture  of  the 
air  with  formation  of  H1SO4  mist. 
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Method  of  Analysis^ 
Pnicedure  for  Titration  with  SUndard  NaOH.  Concentrated  sulphuric 
acid  absorbs  moisture  rapidly  so  that  the  weighing  should  be  made  quickly,  the 
add  having  been  placed  in  a.  special  closed  receptacle  as  recommended  on 
pages  1010  to  1012.  Such  an  amount  of  acid  is  taken  as  will  require  a  titration 
that  can  be  read  on  the  chamber  burette  used.  For  example  if  normal  caustic 
is  used  and  the  chamber  burette  reads  from  75  cc.  to  100  cc.  the  acid  should 
contain  from  3.7  grama  to  4.9  grams  of  H1SO4.  The  acJd  is  added  to  COt  free 
distilled  water,  preferably  in  a  porcelain  casserole,  1  cc.  of  1%  phenol phthalein 
added  and  the  titration  made  to  a  faint  pink  color  with  standard  NaOH.  It  is 
advisable  to  titrate  the  acid  using  methyl  orange  if  the  presence  of  COj  is 
suspected  in  the  water.  Some  chemists  prefer  the  use  of  this  indicator.  It  is  a 
common  practice  to  standardize  the  acidimetric  and  alkalimetric  reagents  in 
presence  of  methyl  orange  and  phenol  phthalein  in  separate  titrations,  recording 
factors  for  each. 

The  temperature  of  the  titrating  alkali  should  be  noted  and  a  correction  of 
0.032  cc.  be  made  for  each  degree  deviation  from  the  temperature  at  which  the 
reagent  was  standardized.  For  each  1°  C.  that  the  temperature  is  above  that 
at  standardization  subtract  this  correction,  and  add  this  for  each  degree  the 
temperature  is  below  that  at  standardization. 

(ec.  titrationXH^O*  value  per  cc.X  100) -^wt.  of  sample  =  %  H,SO,, 

Determination  of  impurities  in  Sulphuric  Acid 

Detennination  of  Residue  on  Heating 
50  to  100  grams  of  the  acid  are  weighed  into  a  platinum  or  silica  dish  and 
the  acid  evaporated  (Hood)  by  heating  gently  over  a  direct  flame.  When 
no  more  fumes  evolve,  the  dish  is  cooled  and  weighed.  The  increased  weight 
of  the  dish  is  due  to  the  residue,  composed  of  substances  not  volatile  at  red 
heat  and  generally  contains  iron  oxide.  Chamber  acid  may  have  all  of  the 
substances  occurring  in  sulphur  ores  present  in  this  residue. 

Detenninatioii  of  Lead 

Hinate  Amounts.  Determine  by  means  of  the  colorimeter  according  to 
the  procedure  described  00  page  281,  Vol.  1. 

High  L«ad  Contamination.  Larger  amounts  of  lead  sulphate  may  be  deter- 
mined gravimetrically.  The  lead  may  be  extracted  from  the  residue,  obtained 
on  evaporation  of  the  acid  and  heating,  by  extracting  with  ammonium  acetate 
according  to  the  standard  procedure,  and  lead  precipitated  from  the  extract 
made  add  with  acetic  by  addition  of  a  small  excess  of  KiCttOT  solution.  See 
method  on  page  274,  Vol.  I. 

If  preferred,  lead  may  be  determined  as  follows:  100  grams  of  the  acid  are 
diluted  with  an  equal  volume  of  distilled  water  and  the  solution  stirred  and 
cooled.  Twice  the  volume  of  alcohol  is  added,  the  lead  sulphate  allowed  to 
settle  for  two  hours  or  'more  and  the  precipitate  filtered  on  a  Gooch  crucible 
the  residue  washed  with  alcohol,  dried  and  ignited  at  dull  red  heat  and  weighed 
as  PbS04-  If  contamination  of  the  lead  sulphate  is  suspected,  this  residue  may 
be  extracted  with  ammonium  acetate  and  lead  precipitated  from  the  extract 
aa  PbCrOt  according  to  the  regular  procedure. 

PbCrO,  X  .641  =  Pb.        PbSO,  X  6331  =  Pb. 
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Detennination  of  Iroa 

Traces  of  Iron.  The  colorimetric  procedure  is  used,  iron  being  determiDed 
by  color  camparison  of  the  thiocyauate  with  standards.  See  procedure  on 
page  258,  Vol.  I.  Five  grams  of  the  acid  are  added  to  10  cc.  of  water  in  a 
small  beaker  and  the  solution  heated  to  dissolve  any  iron  in  suspension.  The 
cooled  acid  is  poured  into  a  100  cc.  Messier  tube  with  rinsing  of  the  beaker. 
A  few  drops  of  N/10  KMnOi  are  added  in  amount  sufficient  to  obtain  a  faint 
pink  color,  then  10  cc.  of  a  10%  solution  of  NH)CNS  and  the  solution  made 
up  to  100  cc.     Comparison  is  now  made  as  follows; 

The  standard  is  prepared  by  treating  5  cc.  of  iron-free  sulphuric  acid  in 
exactly  the  same  manner  as  the  tested  sample,  in  a  separate  Nessler  tube. 
Standard  iron  solution  is  run  in,  stirring  the  solution  with  a  glass  plunger, 
until  the  color  matches  that  of  the  sample.  It  is  advisable  to  make  the  stand- 
ard solution  to  contain  0.00005  g.  Fe  per  1  cc.  Then  each  cc.  will  represent 
0.001%  Fe. 

High  Iron.  If  0.02%  of  iron  or  over  is  present  dilute  25  to  50  grams  of  the 
acid  with  distilled  water.  Add  a  few  crystals  of  KClOj  and  boil.  Cool  and 
add  a  slight  excess  of  NH,OH.  When  the  iron  hydroxide  has  settled,  filter  and 
wash  with  hot  water.  Dissolve  the  precipitate  with  HCl  {1  ;  1)  catching  the 
solution  in  a  casserole.  Wash  the  iron  out  of  the  paper.  Heat  the  combined 
filtrate  to  boiling  and  titrate  with  standard  SnCIi  solution.  See  page  257, 
Vol.  1. 

If  antimony  or  arsenic  are  present  the  solution  turns  dark  during  the  titra- 
tion. If  this  occurs  treat  a  fresh  sample,  diluted,  with  HiS  to  remove  As 
and  Sb,  and  determine  iron  in  the  filtrate  from  the  sulphides. 

Determination  of  Arsenic 

Traces  of  Arsenic.  Amounts  less  than  .00005%.  Take  50  grams  or  more 
of  the  acid  and  distill  off  the  arsenic  as  AsCU  according  to  the  distillation 
method  g^ven  on  page  37.  Determine  arsenic  in  the  distillate  by  the  Gutzeit 
method.     See  page  46,  Vol.  I. 

Amounts  less  than  .005%  may  be  determined  directly  by  the  Gutzeit 
method.  When  the  arsenic  is  greater  than  0.05%  it  may  be  determined  by 
reducing  the  arsenic  with  tartaric  acid  and  titrating  with  standard  iodine  solu- 
tion, after  neutralizing  the  acid  with  ammonia  and  adding  sodium  bicarbonate. 
25-50  grams  of  the  acid  are  taken  and  placed  in  a  Kjeldahl  flask  and  )  gram  of 
tartaric  acid  added  together  with  2  grams  of  fused  potassium  bisulphate.  The 
acid  is  heated  over  the  direct  flame  until  the  color,  first  becoming  dark,  changes 
to  a  straw  color.  Fuming  will  cause  loss  of  arsenic  and  should  be  avoided. 
The  acid  is  washed  into  a  beaker  with  250  cc.  of  water,  then  neutratiied  with 
NHtOH,  and  NaHCOi  added.  The  titration  with  iodine  Is  made  in  presence 
of  starch.     The  end  point  is  a  blue  color. 

If  antimony  is  present  a  separation  of  the  arsenic  must  be  made  by  distJt- 
lation.  1  cc.  N/10  I  =  .003748  g.  As  or  .004948  g.  Ab,0,.  As.OiX  1.1 1616 
=  AsiOs. 

Determituition  of  Antimonr 

The  arsenic  is  first  removed  by  distillation  as  AsCli  (page  37,  V<A.  I).    Hie 
antimony  is  now  distilled  by  adding  20  grams  of  zinc  dissolved  in  20  gram*  of 
concentrated  HCl.    The  antimony  in  the  disttilate  is  determined  by  the  kkmB-    . 
fled  Gutzeit  method  given  in  the  chapter  on  Antimony,  VtA.  I,  pftfe  29. 


DeterminRtioii  of  Zinc 

25  to  50  cc.  of  the  &cid  are  evaporated  to  dryness  in  a  silica  dish.  The 
residue  is  tre&ted  with  a  strong  solution  ot  NH4CI  and  NH,OH  solution.  After 
filtering  off  the  ferric  hydroxide,  the  filtrate  containing  the  zinc  is  neutralized 
with  HiSOt  and  10  cc.  added  in  excess  (sp.  gr,  HiSO.  =  1.84).  Potassium 
ferrocyanide  is  now  added  in  such  amount  that  the  solution  will  contain  about 
2.5  per  cent.     Compare  the  turbidity  with  standards. 

With  larger  amounts  of  zinc  the  zinc  is  determined  by  titrating  with 
standard  potassium  ferrocyanide.     See  chapter  on  Zinc,  Vol.  1. 

The  zinc  may  be  determined  gravi  metrically  on  a  200-gram  sample.  The 
add  is  fumed  off  until  only  2-5  cc.  remains  in  the  dish.  Water  is  added,  the 
solution  neutralized  with  ammonia,  sufficient  dilute  HjSO^  added  to  make  a 
2.5  per  cent  free  acid.  Copper,  lead,  etc.,  are  removed  as  sulphides  by  gassing 
with  HtS.  Zinc  is  determined  in  the  filtrate,  after  oxidation  of  the  iron  with 
bromine  and  removing  it  by  adding  NHiOH  and  NH^CI.  Zinc  is  precipitated 
as  ZnS  from  the  filtrate  made  acid  (2%  free  acid)  with  formic  acid,  bj'  HtS. 
The  washed  sulphide  is  ignited  and  weighed  as  ZnO.     ZnOX.8034  =  Zn. 

Copper.  This  is  determined  colorimetrically.  25-50  cc.  of  the  acid  are 
evaporated  to  dryness,  the  residue  taken  up  with  100  cc.  of  water  2  cc.  HCI 
(ap.gr.  1.19)  added  and  copper  precipitated  with  HjS.  The  washed  precipitate 
is  dissolved  in  HNOi  and  the  solution  made  ammoniacal  with  ammonia.  The 
color  is  now  matched  with  standards  containing  known  amounts  of  copper. 

Determination  of  Selenium 

Tncea.  10  co.  of  the  acid  diluted  with  an  equal  volume  of  water  are  placed 
in  a  test  tube  and  4  or  5  drops  of  1%  KI  solution  added.  Heat  to  boiling  to 
expel  free  iodine.  The  brick  red  color  is  compared  with  standards  containing 
known  amounts  of  selenium  made  up  in  the  same  way  as  the  sample.  If 
sufficient  selenium  is  present  this  is  thrown  down  as  a  brick  red  finely  divided 
precipitate. 

Standard  selenium  solution  is  prepared  by  dissolving  .1  g.  pure  Se  in  5  cc. 
HXOi  and  10  cc.  HCI.  The  solution  is  evaporated  to  dryness,  then  taken  up 
with  water  and  a  little  dilute  H-SO.  and  made  up  to  1000  cc.  1  cc.  =>.0001  g.  Se. 

Larger  Amounts.  500  grams  of  the  acid  is  diluted  by  pouring  into  a  liter 
of  water,  100  cc.  strong  HCI  added  and  the  solution  saturated  with  SOi.  The 
selenium  is  allowed  to  settle  15  to  20  hours,  then  filtered  through  a  fine  fibre 
filter.  The  precipitate  is  dissolved  by  placing  the  filter  and  precipitate  in 
Kulphuric  acid  nitric  acid  mixture  5  cc.  HiSO.+SO  cc.  HNOj.  The  solution 
is  evaporated  to  fumes,  adding  more  HNOt  if  the  solution  is  dark,  and  again 
evaporated  to  expel  HNOj.  After  diluting  with  water  and  filtering,  the  filtrate 
is  made  up  to  about  100  cc.  and  ga.ssed  boiling  hot  with  HjS.  The  precipitated 
sdenium  is  settled,  filtered  into  a  Gooch,  washed  with  water,  then  alcohol  and 
ether  and  dried  with  a  current  of  warm  air  to  constant  weight. 

Solplittr  Dioxide  Determination  in  Sulphuric  Acid.  1-10  cc.  of  N/10  iodine 
mdution  are  run  into  200  cc.  of  water,  starch  solution  is  added  and  the  acid  to 
be  tested  is  allowed  to  flow  from  a  burette  into  this  reagent,  until  the  blue  color 
disappears. 

1  cc.  N/10  iodine  =  .0032  g.  SOi. 
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Hydrochloric  Add  Detennination  in  Sulphuric  Add.  50  to  100  cc.  of  the 
acid  is  diluted  to  about  200  cc.  by  Tunning  the  acid  into  chlorine-free  water. 
10  cc.  of  1%  silver  nitrate  solution  is  added  and  the  turbidity  compared  against 
a  standard  made  by  adding  standard  sodium  chloride  solution  from  a  burette 
into  a  solution  containing  an  equal  amount  of  sulphuric  acid  (free  from  chloride} 
diluted  with  water  and  containing  silver  nitrate  as  in  case  of  the  sample. 
When  the  turbidity  is  the  same  as  the  sample  the  number  of  cc.  of  NaCI  solu- 
tion are  noted.  The  turbidity  is  best  seen  by  placing  the  two  solutions  ^de 
by  side  on  a  black  paper.  Standard  chloride  solution  contains  .16  g.  NaCl 
per  liter.     1  cc.  =  .O001  g.  HCl. 

If  considerable  hydrochloric  acid  is  present  it  may  be  determined  by  Vol- 
hard's  method  given  on  page  149,  Vol.  I.  The  sample  of  acid  is  diluted  to 
about  20%  strength.  A  measured  excess  of  N/10  AgNOi  added  and  the 
excess  titrated  with  N/10  NHtCNS  solution  in  presence  of  fernc  ammonium 
alum. 

1  cc.  N/10  AgNO,  =  .003647  g.  HCl. 
Determination  of  Nitric  Add 

Traces.  In  absence  of  selenium  traces  of  HNOi  may  be  determined 
colori metrically.  To  100  cc.  of  the  add  }  cc.  saturated  solution  of  FeSOi  is 
added.  CompariHon  is  made  in  a  Nessler  tube  with  a  standard  by  adding  to 
100  cc.  HjSOt,  )  cc.  FeSOi  solution  and  running  in  standard  HNOi  until  the 
color  matches,  the  solution  being  stirred  with  a  plunger  during  the  addition. 
Standard  HNOt  solution  should  contain  .0001  g.  HNOi  per  cc. 

Larger  Amounts.    See  method  on  page  1024. 

Determination  of  Fluorine.  This  is  determined  by  the  etch  test  described 
in  Vol,  I,  page  224.  The  acid  should  not  contain  over  10%  HiO.  Streng;tben 
with  oleum  if  necessary. 


THE  ANALYSES  OF  OLEUM  OR  FUMING  SULPHURIC  ACID 
AND  OF  MIXED  ACID 

The  analyses  of  fuming  aulphuric  acid  and  mixed  acid  are  placed  under  one 
geno^  scheme  aa  the  procedure  for  oleum  is  included  in  that  of  mixed  acid.  The 
term  oleum  is  given  to  strong  sulphuric  acid  containing  free  S0|,  the  combined 
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water  in  the  product  decreasing  (along  with  sulphuric  acid)  with  the  increase  of 
free  SOi  or  sulphuric  anhydride.  Mixed  acid  is  the  technical  name  for  the  mixture 
of  strong  sulphuric  acid  and  nitric  acid  or  of  oleum  and  nitric  anhydride,  the 
product  being  conmionly  used  in  nitrating  glycerine,  cotton  and  other  materials. 
The  analysis  includes  the  determinations  of  HiSOi,  HNOi,  NgOi,  NiOi  and  in  the 
case  of  oleum,  the  determination  of  SOi.  In  the  presence  of  the  latter,  HNOi  is 
asumed  to  lose  its  combined  water  according  to  the  reaction: 

2HN0.+S0,=H,S0,+N,0, 

Id  absence  of  nitric  acid  SOi  may  be  present.  It  is  assumed  that  if  HNOi  is 
present  the  SOi  is  oxidized  to  SOi  with  formation  of  HiSOi  and  the  anhydrides 
SOi  and  NiOi  according  to  the  reaction. 

Nrfl.+H,0+2S0,-N,0,+S0,+H,S0. 

Some  ebemists  prefer  to  express  the  reaction: 

2HNO,+80,  =  H^O,+Nrf),. 

The  analysis  is  earned  out  by  three  titrations — (o)  determination  of  total 
acidity,  (6)  determination  of  sulphuric  acid  including  SOi  free  in  case  of  oleum, 
(e)  detmnination  of  lower  oxides. 
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For  economy  of  time  the  following  order  should  be  observed:  The  sample 
for  the  determination  uf  sulphuric  acid  and  free  SOi  (oleum)  should  be  weighed, 
diluted  with  water  according  to  the  detailed  procedure  and  placed  on  the  steam 
bath  for  evaporation.  During  the  evaporation  the  titration  for  total  acidity  of 
the  sample  and  the  titration  for  the  lower  oxides  are  made  and  finally  that  of  oleum 
on  the  evaporated  sample. 

Special  Reagents. 

/formal  Sodium  Hudroxide.     One  cc.  -0.04904  gram  H,SO|. 

Tenth  Normal  Potatttum  Permanganate.  3. IG  grams  KMn04  per  liter. 
Standardized  against  N/10  solution  of  Sorensen's  Sodium  Oxalate.  (See  Prepara- 
tion of  Standard  Reagents.)     One  cc.  =0.0019  gram  N,O.,or0.002351  gram  HNO^ 

Procedure.    Total  Acids 

The  sample  is  accurately  we^ed  by  one  of  the  procedures  recommended  for 
strong  acids.  The  Dely  or  B!ay-Burkliard  tulwa  are  best  for  this  purpose. 
Such  a  weight  being  taken  aa  will  reiiuire  a  titration  between  75  and  100  cc., 
e.g.,  containing  an  equivalent  of  3.6'5  grams  to  4."  grams  H,SO..  The  acid  is 
now  run  under  cold  COt  free  water  according  to  directions  on  pages  1011  and 
1012,  and  the  acid  titrated  with  N/1  solution  of  NaOH. 

One  cc.  NaOH = 0.04904  g.  H.SO..    CalcuUtc  to  per  cent  ^^^^^^^~4^^. 
"  Weight  of  Acid  Taken 

Lower  Oxides 

Ten  cc.  of  the  sample,  weighed  in  a  pipette  with  capillary  delivery  tip,  are 
cautiously  run  into  al>out  400  cc.  of  cold  water,  keeping  the  delivery  tip  well  under 
the  water  and  in  rapid  motion  to  prevent  overheating  through  local  action.  The 
mixture  is  titrated  with  N'/IO  KMnO*  until  a  phik  tint  is  obtained  that  does  not 
fade  in  three  minutes. 

1  cc.  N/10  KMnO,  =  0.0019  g.  N,0,.  (N.O,  to  N,0.  factor  =2.42.) 

1  cc.  N/10  KMnO«=0.004fi  g.  N,0«. 

1  cc.  N/10KMnO,  =  0.00235g.  HNO,.        Equivalent  H,SO,  =0.0049043  g.  per  cc. 

1  cc.  N/10  KMnO.  =  0,0032035  g.  SO,. 

1  cc.  N/IO  KMnO.=0.0041043  g.  H-SO,. 

KoTT.:.     With  cjiaetiy  N'/UJ^InO.  on  a  V^.-fftaa  sample  1  cc.  =0.01%  N,0,. 

Sulphuric  Acid  and  Free  SO3 

The  sample  is  weighed  in  a  Dely  tube  an<l  run  under  cold  water,  as  in  case 
of  total  acids,  using  in  this  case  about  45  to  50  cc.  of  water  in  a  4-in.  casserole. 
The  solution  is  evatwrated  on  the  steam  bath  to  expel  the  volatile  acids,  lower 
oxides  and  nitric.  The  evaporation  is  hastened  by  blowing  a  current  of  hot,  dry, 
pure  air  over  the  sample,  see  Fig.  K4.  Instead  of  a  casserole,  a  shallow  glass 
cell,  3  inches  in  diameter  and  Ij  inches  deep  may  be  used.     The  air  current  in 
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this  caw  IB  unneceseary.     About  5  cc.  of  water  are  added  and  this  again  evapor- 
ated off.     The  acid  thus  obtained  is  H,SO,+SO,. 

The  acid  is  taken  up  with  water  and  titrated  with  standard  caustic,  using  COi 
free  water  and  phenol phthalein  indicator. 

One  cc.  N/1  NaOH  =0.004904  gram  HiSO,. 

Nitric  Acid 

This  may  he  obtained  from  the  above  <)eteniiin&tions  according  to  calculations 
following.  It  may  be  obtained  by  direct  titration  with  standanl  ferrous  sulphate, 
by  ruDninn;  a  weighed  amount  of  mixed  acid  into  100  cc.  of  cold  eulphurie  acid  and 
titrating  to  a  yellowish  red  tint.  For  the  detailed  procedure  see  Nitric  Aeid, 
page  513. 

Caleutatlon  of  Retuttt. 

A.  mtrle  Aeid  and  SO,  being  Ab»ent. 

The  total  acidity  ia  calculated  to  SOj.  Reference  is  made  to  the  table  for 
Oleum  from  which  the  per  cent  H,SO(  and  free  SO,  are  obtained. 

Bzam[de.  Suppose  the  total  acidity  in  terms  of  SO)  was  found  to  be  84.3. 
The  acid  contains  86%  H,SO,  and  14%  free  SOi. 

B.  Nitric  Aetd  AbMenI,  SO,  Im  Preaent  in  the  Mixture. 

Total  SO3.  From  total  acidity  as  SO,  subtract  SOiXl.25  (i.e.,  equivalent 
SO,). 

Combined  water.     100  -  (total  SO^+SOi)  -  H,0. 
Combined  SO3.    H^X4.4445-SO,  equivalent  or  combined  SO,. 
FreeSOs-    Total  SO,-combined  SO,=freo  SO,. 
Sulphuric  acid.    Combined  SO,+H,0. 

Ezamfde.  If  SOt  was  found  to  be  2%  and  the  total  acidity  in  terms  of  S0< 
-83.5% 

Total  SO,  =83.5 --(2X1.25)  =81%. 

Water  =  100-(81+2)  -17%.  RepoH 

Combined  SO,  =  17X4.4445  =75.56%.  Sulphuric  acid  -92.50%. 

Free  80,  =81  -75.56-5.44%.  Free  SO,  -5,44. 

Sulphuric  acid  =75.56+17  -92.56%.  SO,  =2.00.     Total  100. 

C  Nitric  Atid  Present  and  SO,  Abaent. 

Nitric  acid  in  presence  of  free  SO,  is  assumed  to  be  the  anhydride  N,0,. 

H2O5.  From  the  total  acidity  is' subtracted  the  acidity  afterevaporation,  both 
being  calculated  to  equivalent  SO,.  The  difference  multiplied  by  1.349'per  cent 
NA- 

H2O.    Total  SO,  (after  evaporation)+N  A  subtracted  from  100=H,O. 

Combined  SO3.    H,OX4.4445=SO,  equivalent  to  H,0. 

Fl^e  SOa-    Combined  SO,  subtracted  from  total  SOi=free  SO,. 

Solphnric  add.    CombiDed  SO,+H,0=H,SO,. 

Example.  If  total  acidity=S4%  in  terms  of  SO,  and  the  total  SO,  (after 
ev«poration>-82%,  then  the  difference  2X1.349=2.698%  N,0,- 
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Water- 100-  (82+2.698)  - 15.302%.  Report 

Combined  S0,=  15.302x4.4445-68.01%.  H£0*=tF3.312%. 

Free  SO,=82-68.01  =  13.99%.  Free  80,-13.980%. 

H,SO,=68.01+15.302=83.312%.  N,0.«  2.698%. 

Total  100. 
D.  N,0^  Required  to  be  Reported  a*  BNO,,  W%.> 
HNO3,   96%-80i  equivalent   (acid   expelled  by  evaporation)X1.64.     100 

-per  cent  HNO.  (96%)=01eum.    Total  BO,  in  oleum=^"'^^'^^'. 

per  cent  oleum 
Reference  to  the  oleum  table  will  give  the  per  cent  free  SOi  in  the  oleum. 
Example.    Suppose  total  acidity  in  terms  of  S0|— 84%  and  the  S0|  after 
evaporaUon  =  82%,  then   HNO,,  96%-the  difterence-2X1.64=3.28%   HKl). 
(96%). 

Oleum  =  100  -3.28-96.72%. 

Total  SO,  in  oleum  =100X82  divided  by  96.72  =84.78. 
From  the  oleum  table  84.78  gives  17.10%  free  S0». 
Report 
Nitric  acid,  96%  =  3.28% 
Oleum  -96.72% 

Free  80,  -17.10% 

Total  SO.  -84.78% 

The  nitric  acid  and  oleum  make  a  total  of  100. 

■llua  is  the  usual  strength  of  the  commercial  concentrated  acid. 


Formvltt  for  Diluting  or  Slrenglhening  Sohtions.^ 
To  dilute  a  solution  with  water : 


To  dilute  a  atrong  with  a  weaker  liquid: 

W^J^-ri       x-z-y,      or      ( 
To  strengthen  a  tfeak  with  a  stronger  liquid: 

^=actual  concentration  of  the  solution  that  is  to  be  corrected; 
£  =  concentration  of  the  diluting  solution; 
C 91  concentration  of  the  strengthening  solution; 
i>»desired  concentration; 

X=aniount  of  the  stronger  solution  to  be  added,  taken  or  prepaied; 
l'=amount  of  weaker  solution  to  be  added  or  taken; 
Z=amount  of  solution  desired  or  given. 
All  data  are  in  terms  of  weight  of  the  constituents. 

1  Compiled  by  J.  B.  Bornitt. 


SULPHURIC  ACID 
Bt  W.  C.  Fxroubon  and  H.  P.  TAI.AOT 


Ksr 

apwnflo 

tI:^Tu. 

P«T 

Lba.  It. 

^o.Ti 

I>«>uia>O.T. 
I  Cable  Foot. 

0 

1.0000 

0.0 

0.00 

62.37 

0.00 

0.00 

1 

1.0069 

1.4 

1.02 

62.80 

1.09 

0.68 

2 

1.0140 

2.8 

2,08 

63j24 

2.23 

1.41 

3 

1.0211 

4.2 

3.13 

63.69 

3.36 

2.14 

4 

1.0284 

5.7 

4.21 

64.14 

4.S2 

2.90 

6 

1.0357 

7.1 

6.28 

64.60 

6.67 

3.66 

6 

1.0432 

86 

6.37 

65.06 

■6.84 

4.45 

7 

1.0507 

10.1 

7.45 

66.63 

7.99 

6.24 

8 

1.0584 

11.7 

8.55 

66.01 

9.17 

6.06 

B 

1.0662 

13.2 

9.66 

66.60 

10.37 

6.89 

10 

1.0741 

14.8 

10.77 

66.99 

11.56 

7.74 

11 

1.0821 

16.4 

67.49 

12.76 

861 

12 

1.0902 

18. 0 

13.01 

68.00 

13.96 

S.49 

13 

1.0985 

19.7 

14.13 

68.51 

15.16 

10.39 

14 

1.1069 

21.4 

15.25 

69.04 

16.38 

11.30 

15 

1.1154 

23.1 

16.38 

69.67 

17.58 

12.23 

16 

1.1240 

24.8 

17.53 

70.10 

18.81 

13.19 

17 

1.1328 

20.6 

18.71 

70.65 

20.08 

14.18 

18 

1.1417 

28.3 

19.89 

71.21 

21.34 

15.20 

19 

1.1508 

30.2 

21.07 

71.78 

22.61 

16.23 

20 

1.1600 

32.0 

22.25 

72.35 

23.87 

17.27 

21 

1.1694 

33.9 

23.43 

72.94 

23.14 

18.34 

22 

1.1789 

35.8 

24.61 

73. 53 

26.41 

19.42 

23 

1.1885 

37.7 

25.81 

74.13 

27,69 

20.53 

24 

1.1983 

39.7 

27.03 

74.74 

29.00 

21-68 

Sp.  Gr.  determinationa  were  made  at  60°  F.,  compared  with  waterat  60°  F. 
From  the  Sp.  Gts.,  the  corresponding  degrees  Baum6  were  calculated  by 
the  following  formula:  Baumfi  =  145  — 145/Sp.  Or. 

Baum^  Hydrometers  for  use  with  this  table  must  be  graduated  by  the 
above  formula,  which  formula  should  always  be  printed  on  the  scale. 
•  66°  Baum6  -  Sp.  Gr.  1.8354  -  Oil  of  Vitriol  (O.  V.). 
1  cu.  ft.  waUr  at  60°  F.  weighs  62.37  lbs.  av. 
Atomic  weights  from  F.  W.  Clarke's  table  of  1901.    O  =  1ft. 
H^SO,  =  100  per  cent. 
%  H^,  %  O.  V.        %60'' 

O.V.  =93.19  =  100,00=  119.98 
60"  -=  77.67  -  83.35  =  100.00 
SO"     =  62.18    =       66  72  «■     80.06 
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SULPHUBUC  ACID  (Continued) 


BSS 

'^ 

APPROXIMATE  BOILING 

POINTS 

F. 

60°  B,    295=  F. 

0 

1 
2 
3 

4 

32.0 
31.2 
30.6 
29.8 
28.9 

60" 
61" 
62° 
63° 
64° 
65° 

<     386°" 
'     400°" 
'     415°" 
'    432°" 
'    451°  " 
'     485°  " 

5 

28.1 

66°  ■'     538°  " 

e 

7 
S 

27.2 
26,3 
26.1 

FIXED  POINTS 

g 

10 

11 

24.0 

22.8 
21,5 
20  0 

ISSg?. 

Ftf  Cant 

Si:a"4. 

■Eg." 

1.0000 

.00 

1.5281 

62.34 

12 

1.0048 

.71 

1.6440 

63.79 

13 

18-3 
16.6 

1,0347 

6.14 

1.5748 

66.51 

14 

1.0649 

0.48 

1.6272 

71.00 

15 

14.7 

1.0092 

14.22 

1.6679 

74.46 

16 

12.6 

1.1353 

19.04 

1.7044 

77,54 

17 

10,2 

1.1736 

23.94 

1.7258 

79.40 

18 

7.7 

1.2105 

28.55 

1.7472 

81.32 

19 

4.8 

1.2513 
1.2SS1 

33.40 
38-64 

1.7700 
1.7050 

83.47 
86.36 

20 

+  1.6 

1.3441 

44.15 

1.8117 

88.63 

21 

-  1.8 

1.3047 

49.62 

1.8194 

89.75 

22 

-  6.0 

1.4307 

53.17 

1.8275 

91.32 

23 

-11 

1.4667 

56.68 

1.8354 

93.19 

24 

-16 

1.4822 

63.14 

AridB  etronger  than  66°  B£.  should  have  their  percentage  compodtioni 
determined  by  chemiral  analysis. 
*  Calculated  from  Pickering's  results,  Jour,  of  Lon.  Gh.  Soc,  vol.  67,  p.  363. 

AtrTBOBiTiBa  —  W.  C.  FcEiausoN;  H.  P.  Talbot. 
This  table  has  been  approved  and  adopted  as  a  standard  by  the  Manu- 
factuiing  Chemists'  Association  of  the  United  ljtat«s. 

W.  H.  Bower. 
Hbnrt  Howard, 
Jas.  L.  Mo  bo  an, 
Artii,ur  Wyman, 
A.  G.  Rosenoarten, 
New  York,  June  23,  1004.  Bxeeutive  CommiUe^ 
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SULPHl[RIC  ACID  (Continued) 


SS3" 

BpKlflG 

Dttnn 
TwMdell. 

Per 
c«at 

Lbi.  At. 

PwCmt 

0.  T. 

PtWBdtO.T. 

io 
I  CbMc  root. 

25 

1.2083 

41.7 

28.28 

75-36 

30.34 

22.87 

26 

1.2185 

43.7 

29.53 

76,00 

31-69 

24.08 

27 

1.2288 

45.8 

30.79 

76.64 

33.04 

25.32 

28 

1.2393 

47.9 

32.05 

77.30 

34.39 

26.58 

29 

1.25C0 

60.0 

3:1.33 

77.96 

35.76 

27.88 

X 

12609 

52.2 

3t.63 

78. 64 

37.10 

29.22 

31 

1.2719 

54.4 

35-93 

79.33 

38.55 

30.58 

33 

1.2832 

56.6 

37.20 

80.03 

39.98 

32.00 

33 

1.2946 

68.9 

38-58 

80.74 

41.40 

33.42 

34 

1.3063 

01.3 

39.92 

81.47 

42.83 

34.90 

35 

1.3182 

63.6 

41-27 

82.22 

44.28 

36.41 

36 

1.3303 

66.1 

42.63 

82.97 

45.74 

37.95 

37 

1.3426 

C8.5 

43.99 

83.74 

47.20 

39.53 

3S 

1.3551 

71  0 

45.35 

81.52 

48-66 

41.13 

39 

1.3679 

73.0 

46.72 

83.32 

50.13 

42.77 

40 

1.3810 

76.2 

48.10 

86.13 

51.61 

44.45 

41 

1.3942 

78.8 

49.47 

88.96 

53.08 

46.16 

42 

1.4078 

81.6 

60.87 

87.80 

64.58 

47.92 

43 

1.4216 

84.3 

62.26 

88.67 

56.07 

49.72 

41 

1.4356 

87.1 

53.  C6 

80.64 

67.58 

51.56 

45 

1.4500 

COO 

55.07 

CO.  44 

59.09 

53.44 

46 

1.4646 

02.9 

56.48 

01.35 

60.60 

55.36 

47 

1.4796 

95.0 

57.90 

92.28 

62.13 

57.33 

48 

1.4948 

99.0 

69.32 

93-23 

63.65 

59.34 

49 

1.5104 

102.1 

CO.  75 

04.20 

05.18 

61.40 

50 

1.S263 

105  3 

62.18 

95.20 

66.72 

63.52 

51 

1.5426 

108.5 

63.66 

96.21 

68-31 

65.72 

52 

1.5591 

111.8 

65.13 

97.24 

69.89 

67-90 

53 

1 .5761 

115.2 

66.63 

08.30 

71.50 

70.28 

54 

1.6934 

118.7 

08.13 

99.38 

73.11 

72.66 

55 

1.6111 

122.2 

69.65 

100.48 

74.74 

75-10 

56 

1.6292 

125-8 

71.17 

101 .61 

76.37 

77.60 

57 

1.6477 

129  5 

72,75 

102,77 

78.07 

80-23 

58 

1.6667 

133-3 

74.36 

103.95 

79.79 

82-95 

59 

1.6860 

137.2 

75.99 

105.16 

81.54 

85.75 

ACIDS 
SULPHURIC  ACID   (Cantinued) 


Ksr 

'•KS?.'^ 

•F. 

ALLOWANCE 

FOR  TEMPERATURE 

25 

-23 

2B 

-30 

At  10"    B6.  .02VBi.oT    ,00023 8p.Gr.    =  1"  F. 

27 

-39 

"   20' 

"    .036" 

"     .00034      "       =  I' " 

28 

-49 

"   30' 

"    .035' 

"    .00039      "       =1"' 

2» 

-61 

"   40" 

"    .031" 

"    .00041       "       =  1"" 

"   50" 

"    ,028" 

"    .00045      "       =  1"" 

30 

-74 

"   60" 

"   .026' 

"     .00053       "        -  1»" 

31 

-82 

"    63" 

"    ,026" 

"     .00057       "        =  1"" 

S2 

-06 

'■   66" 

"    .0235' 

"     .00054       "        -  I*"' 

33 

-97 

34 

-01 

35 
36 

-81 
-70 

37 

-60 

FnCnt 

Banmi. 

J^^ 

PeiCeiit 

Poudi 

J>1°B«IID« 

38 
39 

40 

-53 
-47 

-41 

I  CnUc  FNt. 

.Coble  Foot 

61.93 

63.34 

77.36 

66.63 

i\ 

-36 

63.69 

55,39 

79.56 

69.19 

42 

-31 

65.50 

57,50 

81.81 

71.83 

43 

-27 

67.28 

59.66 

84,05 

74.53 

14 

-23 

69.09 

61.  se- 

86,30 

77.27 

45 

-20 

70.90 

al. 12 

8S.56 

80,10 

46 

-14 

72.72 

66,43 

90,83 

82,98 

47 

-15 

74.65 

68,79 

93,12 

85,93 

48 

-18 

76.37 

71,20 

95,40 

88,94 

49 

-22 

78.22 

73,68 

97.70 

92,03 

50 

-27 

80.06 

76,21 

100,00 

95.20 

SI 

-33 

81.96 

78,85 

102.38 

98.60 

52 

-30 

83,86 

81.54 

104.7-1 

101.86 

53 

-49 

85,79 

84.33 

107-15 

105.33 

M 

-50 

87.72 

87.17 

109.57 

108.89 

55 

■■1» 

89,67 

90.10 

11201 

112,65 

56 

■  l! 

91,63 

03.11 

114.46 

116  30 

57 

■  [1 

93.67 

96.26 

117,00 

120,24 

68 

-.  U 

95.74 

99,52 

119.59 

124,31 

50 

-  7' 

97,84 

102.89 

122,21 

128.62 
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SULPHURIC  ACID  (Continued) 


^fi. 

D«r«. 

Percent 

'm:^- 

PnCnt 

Pound.  O.V. 

£uSS«! 

TnddeU. 

HiBO.. 

O.  V. 

lO^Poot. 

60 

1.7059 

141.2 

77.67 

106.40 

83.36 

88.68 

61 

1.7262 

145.2 

^.43 

107.66 

85.23 

91.76 

62 

1.7470 

149.4 

81.30 

108.96 

87.24 

96.06 

63 

1.7683 

153.7 

83.34 

110.29 

89.43 

98.63 

64 

1.7901 

158.0 

86.66 

111.65 

91.92 

102,63 

Ml 

1.7957 

159.1 

86.33 

112.00 

92.64 

103,76 

64i 

1.8012 

160.2 

87.04 

112.34 

93.40 

104,93 

64i 

1.S06S 

161.4 

87.81 

112.69 

94.23 

106.19 

65 

1.8125 

162.5 

88.65 

113.06 

96.13 

107,6* 

651 

1.8182 

163.6 

89.65 

113.40 

96.10 

108,97 

65! 

1.8239 

164.8 

90.60 

113.76 

97.22 

110.60 

651 

1.8297 

165.9 

91.80 

114.12 

98.61 

112.^ 

66 

1.8354 

167.1 

93.19 

114.47 

100  00 

114,47 

pS5™ 

FWiinf 

««nsrr*. 

Cubio  Foot. 

P«C<nt 

"^ivkt 

60 

+Ili.6 

100.00 

106.40 

124.91 

132.91 

61 

27.3 

102.27 

110.10 

127.74 

137.52 

63 

39.1 

104.67 

114.05 

130.75 

142.47 

63 

46.1 

107.30 

118.34 

134.03 

147.82 

64 

46.4 

110.29 

123.14 

137.76 

163.81 

641 

43.6 

111.15 

124.49 

138.84 

155.50 

641 

41.1 

112.06 

125.89 

139.98 

157.25 

641 

37.9 

113.05 

127.40 

141.22 

159.14 

65 

33.1 

114.14 

129.03 

142.67 

161.17 

651 

24.6 

115.30 

130.75 

144.02 

163.32 

65i 

13.4 

116.65 

132.70 

145,71 

166.76 

651 

-  1 

118.19 

134.88 

147.63 

168.48 

66 

-29 

119.98 

137,34 

149,87 

171.56 

XI.— SULPHURIC  ACID  TABLE 
94-100%  BSOt 
Bt  H.  B.  BifiBOP 


B4. 

9p.Ot..tB0-F. 

^s^r- 

Wt.  1  Cu.  Ft. 

66 

1,8354 

93,19 

114  47 

At    94%.000&4ap.gr.  =  l''F. 

66.12 

I. 8381 

94.00 

114.64 

66.23 

1,8407 

95.00 

114.80 

"    97.6  .00052     "     -I'F. 

66,31 

1,8427 

96.00 

114.93 

"100      .00052     "     -1-F. 

66,36 

114.99 

66,36 

1,8439 

97.50 

114.99 

66,36 

1,8437 

98,00 

114.99 

66  30 

1,8424 

99,00 

114.91 

66  16 

100.00 

114.70 

ACIDS 
FIMTNG  SULPHURIC  ACID  EQUIVALENTS 


Total 

«i£5gr 

PnCffiit 

P>rCai( 

Tcul 

Equivtlcnl 

PhCcdI 

Ptr  Cent 

SO. 

U-SO. 

E>»SO. 

SOi 

H*a 

ibSO. 

Fr»80. 

81.63 

100.00 

100 

0 

90.82 

111.25 

SO 

50 

81  82 

100.23 

99 

1 

91.00 

111.48 

49 

51 

82.00 

100.46 

98 

2 

91.16 

111.70 

48 

52 

82.18 

100.67 

97 

3 

91.37 

111.03 

47 

53 

82.37 

100.90 

96 

4 

91.55 

112,15 

46 

64 

82.65 

101.13 

95 

6 

91.73 

112.37 

45 

55 

82.73 

101.35 

94 

6 

91,92 

112.60 

44 

56 

82.92 

101.68 

93 

7 

92.10 

112.82 

43 

57 

83.10 

101.80 

92 

8 

92.29 

113.05 

42 

68 

83.29 

102.03 

91 

9 

92,47 

113.28 

41 

59 

83-47 

102.25 

90 

.1 

92.65 

113.50 

40 

00 

83.65 

102.47 

89 

11 

92. S4 

113.73 

39, 

61 

83.84 

102.70 

88 

12 

93.02 

113.96 

38 

62 

84.02 

102.92 

87 

13 

93.20 

114.17 

37 

63 

84.20 

103.15 

86 

14 

93.39 

114.40 

36 

64 

84  39 

103.38 

86 

15 

93.67 

114.62 

36 

66 

84.57 

103.60 

84 

16 

93.76 

114.85 

34 

66 

84-76 

10382 

83 

17 

93.94 

U5.0S 

33 

67 

84.94 

104.05 

82 

18 

94.12 

116.30 

32 

68 

85.12 

104.27 

81 

19 

94.31 

116,63 

31 

69 

85-31 

104.50 

80 

20 

94.49 

115.75 

30 

70 

85.49 

104  73 

79 

21 

94  67 

116,97 

29 

71 

85.67 

104.95 

78 

22 

94.86 

116,20 

28 

72 

85  86 

105.18 

n 

95.04 

116,42 

27 

73 

8fl  M 

105.40 

76 

24 

95.22 

116.65 

26 

74 

86.22 

105.62 

76 

25 

96.41 

116,88 

25 

76 

86.41 

105.85 

74 

26 

95.59 

117,10 

24 

76 

86.59 

106.07 

73 

27 

95,78 

117,33 

23 

77 

86  78 

106.30 

72 

28 

05,96 

117,65 

22 

78 

86  96 

106.63 

71 

29 

96.14 

117.77 

21 

79 

87  14 

106.75 

70 

30 

96  33 

118,00 

20 

80 

87.33 

106.98 

69 

31 

96.6] 

118,22 

19 

81 

87  51 

107.20 

68 

32 

96  69 

118,45 

18 

82 

87.89 

107  42 

67 

33 

96.88 

118,68 

17 

S3 

87.88 

107.65 

66 

34 

97.06 

118,90 

16 

84 

88.06 

107.87 

65 

35 

97-25 

119,13 

15 

85 

88.24 

106.10 

64 

36 

97.43 

119,35 

14 

86 

88.43 

106.33 

63 

37 

97.61 

119,57 

13 

87 

88.61 

108.65 

62 

38 

97.80 

119,80 

12 

88 

88.80 

106-78 

61 

30 

97.98 

120.03 

11 

89 

88.96 

109.00 

60 

40 

98,16 

120,26 

10 

90 

89  IS 

109.22 

6ft 

41 

98.36 

120,48 

9 

91 

89.35 

109.45 

58 

42 

98.63 

120,70 

8 

92 

89.53 

109.67 

57 

43 

98.71 

120,92 

7 

93 

80.71 

109.90 

66 

44 

98.00 

121.15 

6 

94 

89,90 

110.13 

55 

45 

99-08 

121,37 

6 

96 

90  08 

110.35 

54 

46 

99.27 

121,60 

4 

96 

90.27 

110.68 

63 

47 

99.46 

121,83 

3 

97 

90.45 

110.80 

52 

48 

99.63 

122,05 

2 

98 

90.63 

111.02 

61 

49 

99.82 

122.28 

1 

90 

100.00 

122.50 

0 

100 

Compiled  from  the  table  by  H.  B.  Bishop,  V&n  NoBtmid's  ChBHiical  Annual,  1913. 


METHOD  OF  ANALYSIS  OF  CHLOROSULPHONIC  ACID 

Chlorosul phonic  acid,  SOj-HCl,  deeomposes  to  HiSOt  and  HCl  on  addition 
of  water,  the  reaction  being  violent.  Considerable  care  must  be  exercised  to 
prevent  loss  of  acid  during  dilution  with  wator  for  examination  of  the  product. 
The  following  method  of  analysis  has  been  found  satisfactory: 

Total  Acidity.  Three  to  four  grams  of  the  chlorosulphonic  acid  are  weighed 
in  a  D^li  tube  or  small  glass  bulb.  About  25  cc.  of  distilled  (neutral)  water  and 
about  10  cc.  less  NaOH  (normal  strength)  than  is  necessary  to  neutralize  the 

sample  (i.e.,  — nnjivn 10'=cc.  NaOH  to  be  taken)  are  placed  in  a  heavy 

wall  glass  bottle  (2.50-300  cc.  capacity).  If  the  sample  is  weighed  in  a  D^li  tube 
it  is  run  into  the  NaOH  solution  according  to  the  procedure  described  on  p^e 
506.  It  the  bulb  is  used,  the  bottle,  with  the  sample  inserted,  is  stoppered, 
wrapped  in  a  towel  and  shaken  vigorously  until  the  bulb  breaks  and  the  acid ' 
mixes  with  the  water  and  NaOH.  The  excess  of  acid  is  now  titrated  with  N. 
NaOH,  using  phenol phthalein  or  methyl  red  indicator.  The  total  acidity  is  cal- 
culated to  SO)  and  recorded  as  per  cent  SOi. 

Titration  of  Chloride.  The  NaCl  formed  is  titrated  with  N/3  AgNO,  solu- 
tion, using  KjCrOi  indicator.  The  cc.  of  the  reagent  are  calculated  to  the  equiv- 
alent HCl.  Since  NaOH  is  apt  to  contain  NaCl,  the  blank  is  subtracted  to 
obtain  the  true  HCl  equivalent  in  the  sample.     The  per  cent  HCl  is  calculated. 

The  Composition  of  the  Add  is  now  determined  as  follows: 

(a)  Total  acid  as  per  cent  SOi=o. 

(b)  HCl  obtained  by  titration  of  the  neutralized  solution  (made  faintly  acid) 
with  N/3  AgNO,  (the  HC!  blank  for  the  NaOH  used  in  (a)  having  been  subtracted) 
=h.     The  HCl  is  converted  to  its  equivalent  SOi  by  multiplying  by  1.0978=6'. 

(c)  50]  (combided  and  free).  The  SO,  equivalent  of  HCl  obtained  in  6  is 
subtracted  from  the  total  acidity  as  SO,  of  (n)  is  a— 6'=  SO,  total. 

(d)  100-(per  centSO,+per  cent  HCl)=per  cent  H/3  in  sample.  This  is 
combined  with  a  portion  of  the  SOi  as  HiSOi.  Calculate  to  per  cent  HiSOt  by 
multiplying  by  5.4444.     Allowance  must  be  made  for  impurities  if  present.' 

(e)  The  SO,  combined  with  H.O  is  subtracted  from  the  total  SO.  of  (c).  The 
result  is  the  SO,  of  the  chlorosulphonic  acid  and  free  SO,  (if  any). 

By  inspection  it  is  possible  to  ascertain  whether  the  product  contains  free 
SO,  or  free  HCl  since  SO.-HCI  are  in  the  proportion  31.29  per  c«nt  HCl  and 
68.71  per  cent  80.,  i.e.,  HCl  :  SO, : :  1  : 2.2. 

If  SO,  is  in  excess.  The  HCl  is  calculated  to  S0,HCI  by  multiplying  by 
3.1956,  the  result  is  the  per  cent  chhrostUphoni/:  acid  in  the  sample. 

Free  SO,  is  obtained  by  subtracting  per  cent  SOiHCl  +  per  cent  HtSd 
from  100. 

//  HCl  is  in  excesx.  The  per  cent  SO,  obtained  in  (e)  is  multiplied  by  1.4555; 
the  result  li  the  per  cent  chlorostilphonic  add. 

FreeHCl  is  obtained  by  subtracting  per  cent  SO,-  HCl  -j-per  cent  H  SO*  from  100. 

Results  are  reported  as  per  cent  SO,-HCI,  H,SO,,  free  SO,  or  free  HCl. 

Factors : 
HClxl.0978=SO>,    HCIx3.1956=SO,HCl   and   HClx2,1959-SO,  inSO.HCI. 
SO,  X0.8998  =  HCI,  SO,  X  1.4555= SO,- HCl"  and    SO,  X0.4554=HClinSOJiCl. 
H,0X5.4444  =  H^S0,,     H,SO.xO.I837=H,0,  H,SO,X0.7436-HC1. 
NaClxO.023S  =  HCI,     S0,-HC1  =31.29  per  cent  HCl  and  68.71  percent  80^ 
'  (100-impuritie8non-titratable)-(%SO,+%Ha)  =  %H,O. 


VOLUMETRIC  ESTIMATION  OF  FREE  ACID  IN  PRESENCE  OF 
IRON  SALTS 

The  red  precipitate  formed  when  solutions  containing  iron  are  titrated  with 
caustic  makes  it  difficult  to  detect  the  end-point  of  neutralization ;  the  method  sug- 
gested by  C.  A.  Ahlum'  takes  advantage  of  the  white  compound  formed  by  pre- 
cipitating the  iron  as  a  phosphate  and  the  fact  that  monoeodium  phosphate  is 
neutral  to  methyl-orange  indicator. 

Fe,(S0.).-|-2NaHJ'0,-t-  x  free  acid=2FeP0.-l-Na,S0.-|-x  free  ocid-l-2H^«, 
or  2FeCl.+2NaHJ>0«+  x  free  acid-2FePO,-|-2NaCl-t-  x  free  acid+4HCl. 

The  acid  equivalent  to  ferric  iron  is  deducted  from  the  total  acid  found,  the 
excess  acid  being  due  to  the  free  acid  in  the  solution. 

Procedure.  To  the  solution  containing  the  iron  and  free  acid  is  added  an  excess 
of  C.P.  solution  of  monosodium  phosphate  (neutral  to  methj-l-orange) ,  and  then 
a  few  drops  of  the  indicator.  The  acidity  of  the  solution  is  now  determined  by 
titration  with  standard  caustic  in  the  usual  way,  the  solution  being  cold.  From 
this  titration  the  total  free  and  combined  acid  are  calculated. 

Iron  is  now  determioed  in  a  separate  portion  by  titration  with  ataimous  chloride 
or  dichromato. 

Calcnlatioii. 

(A)  Fe.O,X1.2285  =  g.  H,SO.  (combined).     Fe,O,X0.9135  =g.  HCI  (combined). 

(B)  One  cc.  N/5  NaOH -.00981  gram  H^,  or  .00729  gram  HCI. 
Total  acid  (B)  minus  combined  acid  (A)  =/ree  acid. 

'  C.  A.  Ahlum,  The  Analyst,  SI,  168,  1906. 


ORGANIC  ACIDS 

Titrations  of  organic  acids  are  made  preferably  witti  pfaenolpbthalein. 
Methyl  orange  cannot  be  used.  The  water  used  for  diluting  the  organic  add 
muat  be  free  of  carbon  dioxide. 

ANALYSIS  OF  FORMIC  ACID 

Formic  acid  occurs  in  solutions  of  varying  strength,  i.e.,  30,  50,  75,  90%, 
etc.  The  impurities  that  are  frequently  present  are  sulphuric  and  hydrochloric 
acid.  If  formic  acid  alone  is  present  it  may  be  determined  by  direct  titration. 
1  cc.  N/10  NaOH  =  0.0046U2  gram  formic  acid.  In  presence  of  other  acids 
the  following  method  is  recommended. 

Procedure.  About  10  grams  of  .the  sample  weighed  in  a  tared  bottle 
(Blay-Burkhard  form  is  convenient)  is  run  into  about  200  cc.  of  distilled  water 
in  a  graduated  flask  of  500  cc.  capacity  and  made  to  volume.  50  cc.  of  this 
diluted  sample  pipetted  into  an  Erlenmeyer  fla.sk  ia  made  alkaline  with  NaiCOi 
solution.  After  warming  a  measured  excess  of  N/10  KMnOi  is  added.  Formic 
acid  is  oxidized  to  HjO  +  COi  and  a  precipitate  of  MnOi  ia  thrown  down. 
10  cc.  of  dilute  HtSOi  are  added  and  a  measured  volume  of  N/10  oxalic  acid  is 
added  until  all  of  the  precipitate  has  dissolved  and  the  permanganate  color 
has  disappeared.  The  excess  of  oxalio  acid  ts  now  titrated  with  N/10  per- 
manganate reagent.  From  this  the  cc.  KMnOt  required  by  the  formic  acid 
is  obtained. 

1  cc.  N/10  KMnO,  =  0.002301  gram  formic  acid 
The  equivalent  cc.  values  of  the  KMnOi  and  HiCjCi  should  be  obtained 

by  titration. 

Sulphuric  Acid.     This  i!<  conveniently  determined  on  about  20  gram  sample 

diluted  to  200  cc.  by  precipitation  with  BaCU  according  to  the  standard 

procedure. 

BaS04  X  0.4202  =  H,SO« ' 

-  Hydrochloric  Acid.  This  may  be  determined  on  a  20  gram  sample  by 
precipitation  with  AgNOj  in  presence  of  5  cc.  cone.  HNOi.  the  sample  having 
been  diluted  to  about  200  cc. 

AgCI  X  0.2545  =  HCl 
1054 


ANALYSIS  OF  ACETIC  ANHYDRIDE -ACIDITY   METHOD 


CHiCO^ 

charaotemtic  sharp  penetrating  odor.  The  vapor  is  very  irritating  to  the 
nose  and  eyes.  The  pure  anhydride  boils  at  137°  C.  Mixed  with  water  etrong 
acetic  anhydride  settles  out  into  a  distinct  layer  very  similar  tu  carbon  disul- 
phide.  It  hydrolyzes  slowly  forming  a  solution  of  acetic  acid.  When  below 
50%  in  strength  (the  diluting  liquid  being  acetic  acid)  the  product  mixes 
readily  with  water  at  ordinary  temperatures  (20°  C),  Distinct  separation 
from  water  takes  place  when  the  strength  of  the  anhydride  is  over  55%,  the 
product  being  added  to  the  water  dropwise.  The  separation  becomes  more 
decided  with  increase  of  the  percentage  of  anhydride. 

The  analysis  consists  in  titrating  the  acetic  acid  formed  by  the  hydrolysis 
of  the  anhydride.  Since  the  product  is  volatile  it  is  weighed  in  stoppered 
bottles.  Low  results  are  obtained  if  sufficient  time  is  not  allowed  for  complete 
hydrolysis. 

Procedure.  A  sample  of  approximately  5  to  5.5  grams  is  weighed  in  a 
bottle  6  to  8  cc.  in  capacity.  A  small  2-dram  apothecaries'  battle  with  No.  00 
rubber  stopper  is  satisfactory.  The  stopper  is  fitted  loosely  and  the  bottle 
containing  the  sample  is  immersed  in  100  cc.  of  normal  NaOH  and  300  cc.  of 
distilled  water  in  a  500  cc.  "salt  mouth"  bottle  with  rubber  stopper.  The 
battle  is  closed  tightly  and  shaken  to  free  the  small  rubber  stopper  from  the 
weighing  bottle,  and  permit  the  sample  to  mix  with  the  reagent.  After 
hydrolyzing  for  at  least  one  hour  the  sample  is  titrated  with  N/5  HtSOt  to 
determine  the  excess  of  N/1  NaOH,  using  phenol phthalein  indicator. 

CtlcoUtion. 

..A    MnrtTT  \j'ni\cnn'> 

JiCHjCOOH 


wt.  sample 

{%  CHjCOOH  - 100)  X5.665  =  %  (CH,CO),0. 
Example.     If  the  sample  titrated  101%  CH,COOH  then  M 

(101-100)X5.665=. 5.665%  (CH,CO),0. 
Norm.     iOO  per  cent.(CH,CO),0  =  U7.fl57o  CH,CXX)H. 

.    Per  cent.  Anhydride  —  ii7ft5_  iqQ  X  100 
-  (vl  -  100)5.665. 
A  -  %CH,COOH  by  titration. 
H^,X1.2241  =  CU.COUU.  ■ 


I 
I 


DETERMINATION  OF  ACETIC  ANHYDRIDE- 
ANILINE   METHOD 

Procedure.  The  analysis  should  be  carried  out  in  duplicate  runs,  each 
portion  being  determined  as  follows:  Two  cc.  of  anhydride  are  run  from  a 
burette  into  a  tared  5  cc.  weighing  bottle  and  carefully  weighed,  the  bottle 
being  stoppered.  The  sample  in  now  placed  in  an  Erlenmcyer  flask  containing 
50  cc.  N  NaOH  and  50  cc.  distilled  water,  the  stopper  of  the  bottle  being 
loosened  so  that  the  anhydride  mixes  with  the  alkali.  After  forty  minutes 
with  occasional  shaking  of  the  flask  to  assist  the  mixing,  the  residual  NaOH 
is  titrated  with  N  HtSO«,  in  presence  of  phenol phthalein  indicator,  2  or  3  cc 
of  acid  added  in  excess.  After  standing  fifteen  minutes  longer  the  excess  acid 
is  titrated  back  with  N/10  NaOH.  From  the  amount  of  N  NaOH  required 
by  the  anhydride  calculate  the  amount  of  N  NaOH  required  by  100  grams  of 
the  sample.     Record  this  as  "A." 

Twenty  cc.  of  recently  redistilled,  perfectly  dry  aniline  are  run  into  a  50 
cc.  tared  weighing  bottle  and  2  cc.  of  the  anhydride  added  from  a  burette. 
The  sample  is  added  slowly,  swirling  the  aniline  to  get  an  equal  distribution. 
When  the  mixture  has  cooled  to  room  temperature  the  weight  of  the  anhydride 
is  determined  (the  aniline  and  bottle  having  previously  been  weighed).  After 
an  hour  the  mixture  is  transferred  to  a  500  cc.  volumetric  flask  and  the  solution 
diluted  to  mark  with  neutral  alcohol  and  distilled  water  (1  :  1).  Fifty  cc. 
of  this  solution  are  titrated  with  N/10  NaOH.  From  the  number  of  cc. 
required  calculate  the  cc.  K  NaOH  corresponding  to  the  residual  acetic  acid 
from  100  grams  of  the  sample.     Record  this  aa  "B." 

Then  A-B  corresponds  to  one  half  the  anhydride  in  100  grama  of  the 
sample.    This  value  multiplied  by  0.10207  =•  per  cent  acetic  anhydride. 
0.10207  =  molecular  weight  of  acetic  anhydride  divided  by  1000 

Correction  for  Mineral  Acida  if  Present.  In  weighed  portions  (10  grams) 
determine  hydrochloric  acid  by  precipitation  with  AgNOi  and  sulphuric  acid 
by  precipitation  with  fiaCU  in  the  usual  way,  the  samples  having  hydrolyzed 
in  100  cc.  portions  of  water.  From  the  percentages  of  mineral  acids  present 
calculate  to  cc.  normal  equivalents  and  deduct  from  the  titrations  above,  or 
calculate  the  anhydride  equivalent  and  make  deduction. 
1  cc.  N  HiSO,  =  .04904  g.  1  cc.  N  HCl  =  .03647  g.  1  cc.  N  CH.COOH 

=  .06003  g.  CH.COOH  X  0.85  =  (CH.CO),0 
H^O,  X  1.0404  =  (CH.C0)i0,        HCl  X  1.3889  =  (CH,CO),0 


ANALYSIS  OF  ACETIC  ACID 

The  acidity  of  acetic  acid  may  be  determined  by  titration  with  standard  caustic, 
using  phenolphthalein  aa  indicator. 

About  4  to  5  grama  of  glacial  acetic  acid  or  a  corresponding  amount  of  dilute 
acid  are  taken  for  analysis,  being  weighed  out  in  a  weighing  bottle  or  other  suitable 
container  used  for  stiong  and  weak  acids.  The  acid  is  mixed  with  about  250  cc. 
of  water  aitd  titrated  in  the  presence  of  phenolphthalein  indicator  with  normal 

One  cc.  N/I  NaOH  =0.06003  gram  CH.COOH. 

Impurities  in  Acetic  Acid 

"nw  man  important  impurities  that  are  looked  for  in  conunercial  acetic  acid 
are  formic  acid,  furfurd,  acetone,  eulphuric  acid,  sulphurous  acid,  hydrochloric 
acid,  metals. 

In  the  examination  of  the  acid  the  physical  appearance-~turbidity  and  color 
are  noted. 

Formic  Acid  in  Acetic 

Qwditatfre.  Ten  cc.  of  the  acid  (glacial  diluted  1  :  10)  are  heated  with  1  gram 
of  sodium  acetate  and  5  cc.  of  6  per  cent  mercuric  chloride  solution.  A  turbidity 
indicates  formic  acid. 

Qoaatitative.  Five  grams  of  glacial  acetic  acid  or  corresponding  quantity  of 
dilute  acid  are  treated  with  5  grams  of  sodium  acetate  and  40  cc.  of  mercuric 
chloride  solution  (6  per  cent)  and  30  cc.  of  water  added.  The  mixture  is  heated 
for  two  hours  in  a  flask  with  a  return  condenser,  the  flask  being  surrounded  by 
steam.  The  precipitated  mercurous  chloride, HgCl,  is  filtered  off,  dried  and  weighed. 

Weight  of  HgClXO.0977  ^formic  acid  equivalent. 

Fuffurol  in  Acetic  Acid 

QnaHtatlTe.  Aniline  diaaolved  in  pure  glacial  acetic  acid  (6  cc.  aniline  in  2  cc. 
glacial  acetic  acid)  and  added  to  100  cc.  of  the  sample  will  produce  a  red  color  in 
presence  of  furfurol. 

Qoantitative.  The  test  may  be  made  quantitative  by  comparing  the  color 
[ffoduced  with  standard  solutions  containing  known  amounts  of  furfurol.  One 
gram  of  redistilled  furfurol  is  dissolved  in  100  cc.  of  95  per  cent  alcohol.  1  cc.  of 
this  sidutioD  is  diluted  to  100  cc.  with  95  per  cent  alcohol.  1  cc— 0.0001  gram 
of  the  reagent. 

Test  for  furfurol  in  vinegar.  Fifty  cc.  of  the  vin^ar  is  neutralused  with 
■odium  hydroxide,  and  15  to  20  cc.  are  distilled.  Two  cc.  of  colorless  aniUne  and 
15  cc.  of  hydrochloric  acid  (1 :  12)  added.  The  mixture  is  warmed  to  about  15° 
C.  for  a  few  miautea  and  the  color  compared  with  standards  prepared  in  the  same 
way. 


Gravimetric  Method  with  Phloroglucid 

Place  a  quantity  of  the  material,  chosen  bo  that  the  weight  of  phloroglucid 
obtained  shall  not  exceed  0.300  gram,  ia  a  flask,  together  with  100  cc.  of  12  pet 
cent  hydrochloric  acid  {specific  gravity,  LOG),  and  several  pieces  of  recently 
heated  pumice  stone.  Place  the  flask  on  a  wire  gauze,  connect  with  a  condenser, 
and  heat,  rather  gently  at  flrst,  and  so  regulate  as  to  distill  over  30  cc.  in  about 
ten  minutes,  the  distillate  passing  through  a  small  filter  paper.  Replace  the 
30  cc.  driven  over  by  a  like  quantity  of  the  dilute  acid  added  by  means  of  a  separa- 
tory  funnel  in  such  a  manner  as  to  wash  down  the  particles  adhering  to  the  sides 
of  the  flask,  and  continue  the  process  until  the  distillate  amounts  to  36ft  cc.  To 
the  completed  distillate  gradually  add  a  quantity  of  phlort^lucol  (purified  if  neces- 
sary) dissolved  in  12  per  cent  hydrochloric  acid  and  thoroughly  stir  the  resulting 
mixture.  The  amount  of  phloroglucol  used  should  be  about  double  that  of  the  fur- 
fural expected.  The  solution  first  turns  yellow,  then  green,  and  verj'  soon  an 
amorphous  greenish  precipitate  appears,  which  grows  rapidly  darker,  till  it  finally 
becomes  almost  black.  Make  the  solution  up  to  400  cc.  with  12  per  cent  hydro- 
chlorio  acid,  and  allow  to  stand  overnight. 

Filter  the  amorphous  black  precipitate  into  a  tared  Gooch  crucible  through 
an  asbestos  felt,  wB^h  carefully  with  150  cc.  of  water  in  such  a  way  that  the  water 
i.i  not  entirely  removed  from  tha  crucible  until  the  very  last,  then  dry  for  foui 
hours  at  the  temperature  of  boiling  water,  cool  and  weigh,  in  a  weighing  bottle, 
the  increase  in  weight  being  reckoned  as  phloroglucid.  To  calculate  the  furfural, 
pentose,  or  pentosan  from  the  phloroglucid,  use  the  following  formulas  given  b;t 
Krfiber: 

(o)  For  weight  of  phloroglucid  "  a  "  under  0.03  gram. 

Furfural    =(a-|-0.0052)X0.5]70. 

Pentoses  =(a-|-0.0052)X1.0170. 
Pentosans  =  {a+O.0O52)X0.8949. 

(6)  For  weight  of  phloroglucid  "  a  "  over  0.300  gram. 

Furfural  =(a+0.00o2)X0.5180. 
Pentoses  =(a-|-0.0052)X1.0026, 
Pentosans  -  (a-f  0.0052)  X0.8824. 

For  weight  of  phloroglucid  "  a  "  from  0.03  to  0.300  gram  use  KrCber's  table 
or  the  following  formulas: 

Furfural  =(a-l-0.0052)X0.5185. 
Pentoses  =(a-|-0.0052)X1.0075. 
Pentosans  -  (a-|-0.0052)  XO.8866. 

The  phloroglucol  is  purified  by  recrystallization  from  hydrochloric  acid.  For 
details  of  the  procedure  sec  Bulletin  107,  U.  S.  Dept.  of  Agriculture,  Bureau  of 
Chemistry.     (1912,  page  54.) 

Acetone  in  Acetic  Acid 

Fifteen  grams  of  glacial  acetic  acid,  or  a  corresponding  amount  of  weak  acid,  is 
treated  with  70  cc.  potassium  hydroxide  (lOper  cent  solution),  or  sufficient  caustic 
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to  make  the  solution  slightly  alkaline.  The  solution  ia  cooled  and  25  cc.  N/5 
iodine  solution  added  and  sufficient  hydrochloric  acid  to  make  the  mixture  faintly 
■cid.  The  excess  ol  iodine  ia  titrated  with  N/5  sodium  thiosulphate,  usinR  starch 
indicator.  The  total  iodine  solution  taken  minus  the  equivalent  cc.  of  thiosulphate 
=  the  iodine  combuied  with  the  acetone,  then  the  weight  of  iodine  in  grams  mul- 
tiplied by  0.07612  '^  grams  acetone  in  the  sample. 

Sulphuric  Acid  in  Acetic  Acid 

This  is  best  detennined  by  the  turbidity  test.  About  5  cc.  of  the  sample  are 
taken  and  1  drop  of  hydrochloric  acid  and  half  a  cc.  of  10  per  cent  barium  chloride. 
The  turbidity  is  now  compared  with  a  standard  pure  acetic  acid  solution  containing 
a  known  quantity  of  BaSOt,  the  standard  being  added  to  a  comparison  cylindei 
until  the  turbidity  ia  the  same  as  that  of  the  sample,  which  has  been  diluted  to  a 
convenient  volume  in  a  Nessler  tube  or  similar  comparison  cylinder.  The  appara- 
tus  used  in  determining  small  amounts  of  titanium,  lead,  etc.,  is  suitable  for  this 
test.  In  this  case  the  glowing  wire  or  filament  of  an  incandescent  light  is  viewed 
through  the  solutions,  the  brightness  of  the  wire  acting  as  a  guide  in  matching  the 
solutions. 

Sulphurous  Acid  in  Acetic  Acid 

This  is  best  detected  by  placing  in  a  small  flask  about  20  cc.  of  the  sample, 
adding  5  cc.  of  strong  bydrochloric  acid  and  about  3  grams  of  zinc  and  covering 
with  a  filter  paper  saturated  with  lead  acetate.  The  blackening  of  the  paper 
indicates  SOi  in  the  Bample  (e.g.,  reduced  to  HiS  by  the  hydrogen  generated  by 
the  zinc). 

The  sulphurous  acid  is  best  titrated  with  N/10  iodine  solution,  using  starch 
indicator.     1  cc.  N/10  I,=  .0032  gr.  SO,. 

Hydrochloric  Acid  in  Acetic  Acid 

Determined  by  the  turbidity  tent  as  in  case  of  sulphuric  acid,  silver  nitrate 
solution  being  used  to  precipitate  AgCI,  and  nitric  acid  substituted  for  hydrochloric 
acid. 

Metals  in  Acetic  Acid 

Total  Solids.  Ten  to  100  grama  of  the  acid  is  evaporated  to  dryness  in  a 
platinum  diah.     The  residue  contains  the  non-volatile  solids. 


ACETATES 

Two  to  5  grams  of  the  material  is  placed  in  a  Kjeldahl  flask  connected  by  means 
of  a  condenser  to  a  receiving  flask  containing  half  normal  caustic.  About  20  cc 
of  Ki  per  cent  phosphoric  acid  are  added  and  about  150  cc.  of  water.  Gentle  heat 
is  applied  and  gradually  increased.  About  100  cc.  of  the  solution  ia  distilled  into 
the  caustic.  Additional  hot  water  is  added  to  the  residue  in  the  Kjeldahl  flask 
and  the  distillation  continued.  This  is  repeated  until  about  800  cc.  of  solution 
has  been  distilled  over.  The  COi  is  boiled  out  of  the  distillate,  a  reflux  condenser 
being  uaed  to  prevent  loss  of  the  acetic  acid.    If  the  solution  is  alkaline,  a  known 


amount  of  acid  is  added  and  the  COt  boiled  out.    The  excess  acid  is  now  titrate 
and  the  amount  of  acetic  acid  in  the  distillate  calculated. 

One  cc.  N/2  NaOH  =0.030015  gram  CH.COOH. 

CH,COOHX1.3169=CaCCH.CO,),,or  X1.36e3=CH,COONa. 

Acetates  of  tbe  Alkalies  and  Alkaline  Barthe.  In  absence  of  other  oi^aiu 
acids,  nitrates,  etc.,  a  quick  method  is  Buggested  by  Sutton  (Vol.  Analy.,  X.  EkL 
p.  91).  The  salts  are  converted  into  carbonates  by  ignition  and  the  residin 
titrated  vith  nonnal  acid. 

One  cc.  N/I  acid  =0.06003  gram  CH.COOH. 


ACETIC  ACID  AT  15" 
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CARBONIC  ACID 
Free  Carbonic  Acid  in  Aqueous  Solution 

The  method  is  baaed  on  the  reaction 
[  H,C04+Ba(OH)i  =  BaCO,+2H,0. 

Procedim.  An  excess  of  standard  barium  hydroxide  solution  is  added  to 
Ibe  water  containing  the  carbonic  acid.  Barium  carbobate  is  precipitated  as 
shown  in  the  reaction  above.  The  excess  of  Ba(OH)i  is  now  titrated  with 
standard  hydrochloric  acid,  using  phenol phthalein  indicator. 

1  cc.  N/10  Ba  (OH),  or  1  co.  N/10  HCI  is  equivalent  to  0.0022  g.  COi- 

CariMnic  Acid  Present  as  Bicarbonate 
Reaclioii.     NaHC0,+HCI  =  NaCI+H,0+CO.. 

Procedure.  The  solution  is  titrated  with  standard  HCI,  using  methyl 
orange  indicator. 

1  cc.  N/10  HCI  =  0.0O44  g.  CO,. 

Carbonic  Acid  Present  as  Carbonate 

Reaction.     Na,CO,+2HCi=2NaCl+H,0+CO,. 

Procedure.  The  solution  is  titrated  with  standard  HCI,  using  methyl 
orange  indicator.  Carbonates  of  barium,  strontium,  calcium  and  magnesium 
are  titrated  with  ati  excess  of  hydrochloric  acid  and  this  excess  determined  with 
standard  alkali. 

1  cc.  N/10  HCI-0.0022  g.  CO,. 

CITRIC  ACID 

The  free  acid  may  be  titrated  with  sodium  hydroxide,  using  phenol  phthalein 
indicator.     One  cc.  N/1  alkali  =0.07  gram  crystalUzed  citric  acid. 

VOLUMETRIC  DETERMINATION   OF  OXALIC  ACID 
Permanganate  Method 

About  3  grama  of  the  oxahc  acid  or  its  salt  are  dissolved  in  200  cc.  of  CO, 
free  water  and  50  cc.  2N  sulphuric  acid  added.  The  solution  is  heated  to 
about  70°  C.  and  titrated  with  standard,  normal  solution  of  potassium  per- 
maDganate,  to  a  faint  pink,  persisting  for  three  minutes. 

1  cc.  N/KMnO.-0.04501  g.  H,C.O,  or  0.06302  g.  H,C,0,.2H,0. 

The  add  may  also  be  titrated  with  standard  caustic  solution.  Titration  is 
made  in  a  hot  solution,  using  phenol  phthalein  indicator. 

DETERMINATION   OP  PHENOL   (CARBOLIC  ACID) 

Bromine  reacts  with  an  aqueous  solution  of  phenol  decomposing  it  to  the 
water  insoluble  tribromopbenol  and  forming  hydrobromic  acid  as  shown  in  the 
reaction 

C  JIiOH + 3Br,  =  C,H,Br,(OH)  +  3HBr. 

The  excess  of  bromine  is  determined  by  adding  potassium  iodide  solution 
and  determining  the  liberated  iodine  by  titration  with  standard  thiosulphnte. 
The  method  is  applicable  only  to  pure  preparations  of  carbolic  acid. 
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Reagent.  Standard  Bromine.  A  solution  of  free  bromine  in  water  caonot 
be  kept.  The  reagent  may  be  prepared,  tiowever,  by  adding  a  definite  amount 
of  bromate  to  a  bromide  solution,  which  on  acidification,  will  liberate  a  definite 
amount  of  bromine  according  to  the  reaction  KBrOi+5KBr+6HCl=3Bri 
+6KCH-3HiO.  The  acid  ia  added  only  to  the  portions  of  the  reagent  used 
for  the  testtj.  In  preparing  a,  N/10  solution  2.784  grams  of  pure  dry  potassium 
bromate  and  10  grams  of  potassium  bromide  are  dissolved  in  a  little  water  and 
diluted  to  1000  cc. 

Procedure.  0.5  gram  of  phenol  is  dissolved  in  a  little  water  and  diluted  ia 
1000  cc.  To  100  cc.  of  thia,  equivalent  to  0.05  g.  of  sample  are  added  (in  a 
stoppered  bottle}  50  cc.  of  the  bromate  solution  and  the  mixture  ahakeu- 
5  cc.  of  strong;  HCI  are  now  added,  the  solution  again  shaken  and  after  15 
minutes  2  grams  of  potassium  iodide  are  added.  The  liberated  iodine  ia 
titrated  in  presence  of  btarch  solution  with  N/10  thiosulphate. 

1  cc.  N/10  Na,SiO,=0.00I567  g.  C,H»OH. 

TARTARIC  ACID 

Tartaric  acid,  cream  of  tartar,  Rochelle  salt,  tartar  emetic,  normal  potas- 
sium tartrate,  iron  tartrate  and  other  salts  of  tartaric  acid  are  obtained  from 
the  residues  of  wine  manufacture.  The  raw  materials  consist  of  lees,  tartars, 
calcium  tartrate.  Tartaric  acid  is  present  in  these  residues  in  the  form  of 
potassium  hydrogen  tartrate  (biturtrate  of  potassium)  or  as  normtil  calcium 
tartrate.  In  the  examinntion  of  the  raw  material  for  its  evaluation  total 
tartaric  ucid  and  that  present  as  bitartrate  are  determined. 

Estimation  of  Acid  Potassium  Tartrate— Oulman's  Method 

Procedure.  3.76  grams  of  the  powdered  tartar  is  placed  in  a  liter  flask, 
750  cc.  of  water  added,  the  solution  heated  to  boiling  and  boiled  for  4  to  5 
minutes.  Frelonged  boiling  is  avoided,  as  changes  may  occur  which  would 
cause  error  in  results.  The  l\ask  is  filled  to  the  mark  and  allowed  to  cool. 
After  readjusting  to  exactly  one  liter  the  solution  is  filtered  through  a  dry  filter 
and  500  cc.  of  this  evaporated  to  dryness  on  the  water-bath  ^n  a  p<M«elsin 
casserole.  5  cc.  of  water  is  added  to  moisten  this  residue  and  100  cc.  of  95  per- 
cent alcohol  added  on  cooling.  After  standing  half  an  hour  the  alcohol  is 
decanted  through  a  dry  filter,  allowed  to  drain  and  any  potassium  bitartrate 
on  the  filter  is  washed  back  into  the  dish  with  hot  water.  The  solution  ia 
made  up  to  about  100  cc.  and  titrated  hot  with  N/5  KOH.  A  correction  of 
0.2  cc.  ia  added  for  the  loss  of  bitartrate  in  the  alcohol. 
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Estimation  of  Total  Tartaric  Acid.     Qoldenberg  Method,  1907 

Procedure.  Six  grams  of  the  sample  containing  more  than  45  per  cent  of 
tartaric  acid  or  12  grams  if  it  contains  less  than  45  per  cent  are  added  to  18  cc. 
of  hydrochloric  acid  (sp.gr.  1.1)  and  the  mixture  stirred  10  minutes.  This  is  - 
now  transferred  to  a  200  oc.  measuring  flask  and  distilled  water  added  to  the 
mark.  The  well  mixed  solution  is  now  filtered  through  a  dry  filter  into  a  beaker. 
100  cc.  is  pipetted  out  and  added  to  10  cc.  of  a  solution  of  potassium  carbonate 
containing  66  grams  of  the  anhydrous  salt  per  100  cc.  in  a  300  cc.  beaker. 
The  breaker  is  covered  by  a  clock  glass  and  the  solution  boiled  gently  for 
twenty  minutes;  the  calcium  carbonate  precipitates  in  a  crystalline  form 
during  this  heating.  The  solution  ia  transferred  to  a  200  cc.  measuring  flask, 
made  up  to  mark  after  cooling,  and  filtered  through  a  dry  filter. 

100  cc.  of  the  filtrate  is  evaporated  in  a  porcelain  casserole  (or  pyrex  beaker) 
on  the  water  bath  until  the  volume  is  about  15  cc.  To  the  hot  solution  3.5  cc. 
of  glacial  acetic  acid  are  added  gradually  with  constant  stirring  and  the  mixture 
stirred  for  5  minutes  more  after  the  addition.  After  standing  10  minutes 
100  cc.  of  95  per  cent  alcohol  are  added  and  the  mixture  again  stirred  5  minutes. 
Upon  settling  10  minutes  the  precipitated  bitartrate  is  filtered  off,  suction  being 
applied.  The  precipitate  is  washed  with  alcohol  until  free  of  acid.  (Test 
30  cc.  This  should  require  the  same  titration  with  N/5  alkali  with  phenol- 
phthalein  indicator  as  30  cc.  of  the  alcohol  used  in  the  washing.)  The  pre- 
cipitate on  the  filter  is  washed  into  a  porcelain  dish  with  200  cc.  of  hot  water 
and  titrated  hot  with  N/5  potassium  or  sodium  hydroxide,  using  litmus  paper  - 
as  indicator. 

The  alkali  is  standardized  against  pure  potassium  hydrogen  tartrate. 

Corrections.  Deduct  0.3  per  cent  for  material  containing  less  than  45  per 
oent  tartaric  acid,  0.3  per  cent  for  raw  material  containing  45-60  per  cent  and 
0.2  per  cent  for  material  containing  60-70  per  cent.  No  correction  is  made 
for  better  grades  of  material. 

Impurities  in  Tartaric  Acid 

Iron  and  Alumina,  (alum.).  These  are  determined  in  the  ash  of  the  ignited 
product,  the  ash  being  dissolved  in  hydrochloric  acid.  PiOi  may  also  be 
determined  in  this  ash. 

Arsenic  This  may  be  determined  by  the  Gutzeit  Method.  (See  chapter 
on  Arsenic  in  Volume  I.) 

L«ad.  This  is  determined  by  the  colarimetric  procedure  given  on  page  281, 
Vol.  I. 

Free  Sulphuric  Add  in  Tartaric  Add  Liquors.  The  solution  10  cc.  or  more 
is  treated  with  ten  times  its  volume  of  alcohol,  and  after  settling  overnight 
the  mixture  is  filtered.  Sulphuric  add  is  determined  in  the  alcohol  filtrate  in 
the  usual  way. 
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ANALYSIS  OF  SODIUM   HYDROXIDE 

Commercial  caustic  soda,  purchased  in  blocks  packed  la  iron  drums,  should 
be  sampled  with  care.  The  hydroxide  sets  first  on  the  outside,  so  that  the 
impurities  segregate  towardB  the  core  of  the  block.  In  order  to  get  a  repre- 
sentative sample  different  sections  uf  the  block  should  be  tapped.  The  material 
takes  up  moisture  and  carbon  dioxide  from  the  air,  so  that  the  surface  of  tbe 
sample  should  be  removed  before  weighing.  The  weighing  and  diBsolving  of 
the  sample  should  be  done  as  rapidly  as  possible. 

Procedure 

Ten  grams  of  the  hydroxide  are  dissolved  in  water  and  the  solu^on  made 
up  to  exactly  500  cc.  Aliquots  of  this  solution  are  taken  for  the  following 
determinations. 

Total  Alkali.  Fifty  oc.  of  the  caustic  solution,  equivalent  to  1  gram  of  the 
solid,  are  titrated  with  N/HiSO<  in  presence  of  methyl  orange  indicator,  until 
the  faint  pink  end-point  la  obtained. 

1  cc.  N/H,8O.-.031  grams  of  Na,0  (total  alkali  actual). 

Note.    In  the  New  York  and  Liverpool  test  N/H^^  value  is  .032  g.  NaOH  per  cc 

Sodium  Hydroxide.  Fifty  oc.  of  the  sample  is  treated  with  100  cc.  of  10% 
BaCl]  solution  and  the  NaOH  then  titrated  with  N/HtSO*  in  presence  of 
phenol  phthalein  indicator. 

1  cc.  N/HiSO4  =  .04  gram  NaOH. 

Sodium  Carbonate.  Multiply  the  difference  between  the  total  alkali  titra- 
tion and  the  titration  for  NaOH  by  .053  the  result  is  grams  NajCOi. 

AltematiTe  Methods.  Sodium  Hydroxide  and  Sodium  Carboiuttfl.  Car- 
bon dioxide  is  readily  picked  up  by  NaOH  so  that  it  is  invariably  present  in 
caustic  soda  forming  sodium  carbonate.  The  carbontite  and  hydrate  may  be 
determined  in  the  same  solution  as  follows. 

Fifty  cc.  of  the  sample  equivalent  to  one  gram  of  the  solid,  are  titrated  with 
normal  HjS04,  in  presence  of  phenol  phthalein,  until  the  pink  color  just  dis- 
appears. This  occurs  when  all  of  the  sodium  hydroxide  is  neutralised  and  the 
carbonate  has  been  converted  to  bicarbonate.  This  titration  may  be  recorded 
as  cc.  A. 

Methyl  orange  is  now  added  and  the  titration  continued  until  the  yellow 
color  changes  to  pink.    This  titration  is  recorded  as  cc.  B. 
ThenNaOH  =  (A-B)X0.04  and  Na,CO,  =  2Bx0.053. 

Determination  of  Impurities 

Sodium  Chloride.  This  may  be  determined  on  25  to  50  cc.  (0.5-1  gram)  of 
the  above  solution  by  Volhard's  method  described  in  Vol.  I,  page  149,  or  the 
method  for  NaCl  in  soda  ash,  page  1064,  this  volume. 

1  cc.  N/20  AgN03  =  0.002923  gram  NaCI. 

Sodium  Sulphate.  Fifty  cc.  of  the  solution  equivalent  to  1  gram  of  the 
solid  are  acidified  with  hydrochloric  acid  (H;S04  free)  and  the  sulphate  pre- 
cipitated from  a  boiling  solution  by  addition  of  10%  BaCIt  solution  according 
to  the  standard  procedure. 

BaSO,  X0.6086  =  N.t;SO,. 

The  following  determinations  are  seldom  required. 
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1  SUcate.  10  grams  of  the  sample  are  diasolved  in  about  100  cc.  of 
water  and  the  solution  acidified  with  hydrochloric  acid.  After  evaporation  to 
drjmesa  the  residue  is  taken  up  -with  water.  Silica  remains  insoluble  and  ia 
filtered  off,  washed,  ignited  and  weighed.     SiOiX2.0282  =  NaiSiO]. 

Sodium  Alnminate.  The  water  extract  from  silica  contains  the  alumina  as 
soluUe  chloride.  Al(OH))  may  be  precipitated  with  ammonia  according  to 
the  standard  procedure,  then  filtered  off,  washed,  ignited  and  weighed  as  AliOa. 
Al^,  X  1.6067  =  NaiAliO*. 

InBOlable  Matter.  100  grams  of  the  material  is  dissolved  in  a  liter  of 
water,  phenol phthalein  indicator  is  added  and  the  solution  almost  neutralized 
with  hydrochloric  acid,  the  solution  should  be  slightly  alkaUne.  The  sample 
is  filtered  and  the  residue  of  sand,  FciOi,  etc.,  weighed  as  insoluble  matter. 
Caustic  solutions  attack  filter  paper  so  that  it  is  advisable  to  partly  neutralize 
the  free  alkali  before  filtration. 

Water.  5  to  10  grams  of  the  hydroxide  are  placed  in  a  small  Erlenmeyer 
flask,  whose  weight  is  known,  a  funnel  ia  placed  in  the  neck  of  the  flask  to  . 
prevent  loss  of  the  material  and  to  prevent  its  absorbing  carbon  dioxide  from 
the  air.  After  [facing  in  a  sand  bath  the  materiid  is  kept  at  about  150°  C.  for 
about  four  hours.  It  is  now  allowed  to  cool,  the  funnel  remaining  in  the  flask, 
and  the  loea  of  weight  determined. 

Determination  of  Strength  of  Caustic  Liquors  by  the  Hydrometer 

The  specific  gravity  of  the  liquor  is  taken  by  the  hydrometer  exactly  as  in 
case  of  acids.  The  strength  of  the  liquor  is  ascertained  by  reference  to  the 
table  on  Sodium  Hydroxide,  page  106S. 

POTASSIUM   HYDROXIDE 

Analysis  of  potassium  hydroxide  is  similar  to  that  of  sodium  hydroxide. 
The  following  molecular  weights  will  be  of  use  in  the  calculations: 

K0H  =  S6.11;         K,CO,  =  138.21;         Ka  =  74.56;         K^,0.  =  196.4; 
KiSiO(-154.S. 
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ANALYSIS  OF  SODIUM  CARBONATE 
Soda  Ash 

Sodium  carbonate,  NaiCOj  (soda  ash),  and  two  forms  with  water  d 
crystallizatioD  crystal  carbonate,  NaiCOi.UiO  and  soda  crystals  or  washing 
soda,  NaiCOj.IOHsO,  are  commonly  known.  In  the  analysis  of  soda  ash  tbe 
customary  demand  is  for  total  alkali,  sodium  carbonate,  sodium  bicarbonate, 
and  sodium  chloride.  In  a  complete  analysis,  including  the  insoluble  residue 
iron,-  FejOi,  sodium  sulphate,  sodium  thio-sulphate,  sodium  sulphite,  sodium 
sulphide,  sodium  silicate,  sodium  hydroxide,  alumina,  and  water  may  be 
■required. 

Procedure 

Total  Alkali,  HaiO.  Five  grams  of  the  soda  ash  are  dissolved  in  50  cc.  of 
dbtilled  water,  preferably'in  an  Erlenmeyer  flask,  with  a  funnel,  the  stem 
extendinj!  in  the  neck  of  the  flask.  95  cc.  of  normal  sulphuric  acid  are  added 
and  the  solution  boiled  gently  to  expel  the  COi,  the  funnel  prevents  loss  during 
boiling.  After  cooling,  methyl  orange  indicator  is  added  and  the  titration 
completed.     The  end  point  is  a  faint  pink  color. 

1  cc.  N/H,SO,  =  .031  gram  NaA 

Note.     "NewYork  and  liverpool  test"  the  valueof  1  cc,N.H^,='.032g.  NaA 

Sodium  Bicarbonate,  NaHCOg.  Five  grams  of  the  soda  ash  are  dissolved 
in  11)0  cc.  of  water  and  the  solution  titrated  with  normal  sodium  hydroxide 
until  a  drop  of  the  solution  on  a  spot  plate  produces  an  immediate  dark  color 
with  a  drop  of  silver  nitrate. 

1  cc.  N7NaOH  =  .084  gram  NaHCO,. 

Sodium  Carboniite.  Deduct  the  cc.  titration  of  NaOH  for  NaHCOi  from 
the  cc.  H:SOt  titration  for  NagO,  the  diflerence  in  cc.  multiplied  by  .053 
"gram  NajCO). 

Sodiuin  Chloride.  Two  grams  of  the  ash  by  the  Solvay  process  or  5  grams 
by  the  Leblanc  process  are  dis.solved  in  50  to  100  cc.  of  distilled  water  and  5  cc. 
of  coloricss  UNO}  (sp.gr.,  1.42)  added.  2  cc.  of  ferric  ammonium  sulphate 
are  used  as  indicator,  followed  by  a  few  drops  of  N/20  KCNS  solution,  the 
exact  amount  of  this  being  noted.  The  chloride  is  now  titrated  with  N/20 
AgNOj  .solution  until  the  color  is  just  destroyed,  then  1  cc.  in  excess  is  added. 
The  precipitate  is  filtered  off  and  washed.  The  filtrate  and  washings  are  now 
titnitetl  with  N/20  KCNS  to  a  permanent  pink  color. 

The  total  cc.  KCNS  is  deducted  from  the  cc.  AgNOi  added  and  the  differ- 
ence multiplied  by  0.002923  gram  NaCl. 

Note.    See  Volhard's  method  for  chloride  in  Vol.  1,  page  149. 

In  addition  to  the  above  determinations  the  following  may  be  desired; 

Insoluble  Matter.  Fifty  grams  of  the  soda  ash  are  dissolved  in  about  500 
cc.  of  water  the  insoluble  matter  allowed  to  settle,  the  clear  solution  decanted 
through  a  double  filter,  which  has  been  weighed,  and  finally  the  residue  washed 
onto  the  filter.     The  residue  and  filters  are  dried  at  100°  C.  and  weighed. 

Weight  minus  tare  of  filters  multiplied  by  100  =  per  cent  insoluble  matter. 

'  PerrK  ammonium  salphale  6  per  cent  solution  made  by  dissolving  the  salt  in  50  parts 
of  water  to  6  parts  of  sail  and  adding  an  equal  volume  of  rolorleaa  nitric  acid. 

^  N/20  silver  nitrate  rontnins  S.49.'>  g.  AgXOj  por  liter.  Standardise  against  pure 
XaCI. 

'X/20  iwlassium  thiocyanate,  KCNR.  rontaina 
The  solution  ahouM  be  standardized  against  thr  silvft 
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Iron,  Alumina,  Lime  and  Magnesia.  These  are  determined  in  the  insoluble 
residue  by  dissolving  out  by  means  of  dilute  tiydrochloric  acid.  The  residue 
consists  of  sand  and  carbonacioua  matter.  Iron  and  alumina  are  precipitated  out 
together  by  addition  of  ammonia  accordiog  to  the  standard  procedure,  and 
determined  as  oxides,  FeiOi  and  AljOj.  Iron  may  be  determined  in  this 
residue  by  dissolving  in  HCl  and  titrating  with  stannous  chloride  according  to 
the  procedure  given  in  Vol.  I,  page  373.  Alumina  is  obtained  by  difference. 
Lime  and  magnesia  will  be  found  in  the  filtrates  from  iron  and  alumina  pre- 
cipitates. Calcium  is  thrown  out  as  an  oxalate  and  magnesium  as  a  phosphate 
and  determined  as  usual. 

Sodium  Sulphate.     Dissolve  5  to  10  grams  in  dilute  HCl  and  add  BaCli. 
The  precipitate  BaSOi  is  washed  and  ignited  as  usual. 
BaSO4X0.6086  =  gram  NaiSO,. 

Sodium  Sulphite.  5  grams  are  dissolved  in  water  and  the  solution  acidified 
with  acetic  acid.  Starch  solution  is  added  and  the  sulphite  titrated  with  N/10 
iodine  until  the  blue  color  appears. 

1  cc.  N/10  1  =  0.006303  gram  Na^O.. 

Sodium  Silicate.  Ten  grams  of  the  soda  ash  are  treated  with  an  excess  of 
HCl  and  the  solution  evaporated  to  dryness,  the  silica  dehydrated  at  110°  C. 
After  leaching  with  water  the  insoluble  SiUt  is  determined  by  filtering  off  and 
igniting  by  the  standard  procedure. 

SiO,  X  2.0282  =  Na.SiO.. 

Sodium  Sulphide.  This  may  be  estimated  by  titration  with  an  ammoniacal 
solution  of  silver  nitrate  (13.81  g.  silver  per  liter *'l  cc.  =  .005  g.  NaiS).  Add 
the  reagent  until  no  further  precipitation  occurs  of  AgiS.  To  get  a  good  end 
point  the  solution  is  filtered  just  before  this  point  is  reached  and  the  titration 
completed.     See  also  chapter  on  Sulphur,  Volume  I. 

Loss  on  Ignition.  The  sample  10  grams  is  ignited  at  a  temperature  slightly 
below  300°  C.     The  loss  is  due  largely  to  water  and  organic  matter. 

MODIFIED  SODAS 
Causticized  Ash 

The  determination  of  total  alkali,  sodium  hydroxide  and  sodium  carbonate 
are  generally  required.  20  grams  of  the  sample  are  dissolved  in  water  and  the 
solution  made  to  one  liter.  Aliquot  portions  of  this  solution  are  taken  for 
analysis. 

Total  AlkalL    The  determination  is  similar  to  that  described  for  soda  ash 

on  page  1064  the  test  being  made  on  50  cc.  of  the  solution  equivalent  to  1  gram 

of  sample.     It  is  advisable  to  add  a  slight  excess  of  N/H1SO4  and  titrate  back 

with  N/NaOH  using  methyl  orange  indicator.     The  end  point  is  a  faint  pink. 

1  cc.  N/H,SO,  =  0.031  gram  Na,0. 

Sodium  ^drozide.  Fifty  cc.  of  the  sample  equivalent  to  1  gram  of  the 
solid  is  taken.  The  analysis  is  the  same  as  that  described  for  determining 
NaOH  in  caustic  soda  on  page  1062. 

Soditmi  Carbonate.  The  difference  between  the  acid  titration  for  total 
alkali  and  that  for  sodium  hydroxide  is  multiplied  by  0.053  =  gram  NajCOi. 

Washing  Soda  (Neutral  Soda) 

The  determination  of  total  alkali,  sodium  carbonate,  sodium  bicarbonate, 
md  sodium  chloride  are  generally  required.  The  method  of  analysis  is  the 
ume  as  has  t>een  described  under  soda  ash.     See  page  1064. 


ESTIMATION    OF   THE    CARBONATES    AND    HYDRATES    OF 
POTASSIUM  AND  SODIUM  WHEN  TOGETHER  IN  SOLUTION! 

Proceduie.  A  measured  volume  of  the  solution  is  titrated,  using  phenolphthft- 
lein  (ts  indicator.  The  acid  used  is  equivalent  to  alt  of  the  hydrat«  and  half  the 
carboTiate;  methyl  orange  isnowaddedand  the  titration  complete;  the  additional 
amount  of  the  acid  used  is  equivalent  to  half  the  carbonate,  therefore  the  amount 
of  acid  required  for  the  carbonates  and  for  the  hydrates  can  be  calculated  from 
these  figures. 

The  fully  neutralized  solution  is  evaporated  to  dryness  and  the  residue  weighed. 
The  result  is  the  weight  of  the  mixed  sulphates,  due  to  the  carbonates  and  hydrates 
of  potassium  and  soda  in  the  solution. 

Calculate  the  total  acid  required  to  its  equivalent  of  potassium  sulphate,  sub- 
tract from  this  result  the  weight  of  the  mixed  sulphates,  and  the  difference  is  due 
to  the  sodium  sulphate  in  the  mixed  fiu]phat«s,  owing  to  the  difference  in  the  molecu- 
lar weights  of  potassium  sulphate  and  sodium  sulphate.  The  whole  of  the  acid 
used  has  been  calculated  to  potassium  sulphate,  and  as  the  acid  was  neutralized 
by  carbonates  and  hydrates,  it  is  evident  the  proportion  of  total  sulphate,  due  to 
the  carbonates  and  hydrates,  is  equivalent  to  the  amount  of  the  acid  used  for  each 
respectively;  therefore  the  proportion  of  the  above  obt^ed  difference  due  to  the 
carbonates  and  the  hydrates  respectively  is  also  proportional  to  the  amount  of 
acid  used  for  each. 

Example.  A  solution  of  the  mixed  carbonates  and  hydrates  of  potassium  and 
sodium  required: 

(40  cc.  XaOH  :  40  cc.  KOH)  80  ce.  qf  acid  to  neutralize  the  hydrates. 
(10  cc.  Na,COi :  10  cc.  K.COi)  20  cc.  of  acid  to  neutraliae  the  carbonates. 
100  cc,  total  acid  required  to  neutralize  the  solution. 

Total  acid  100  cc.  calculated  to  K.SO,  -0.87  gram. 

Total  neutralized  solution  evaporated  to  dryness  {K£0,-l-NajSO,)  =0.79  gram. 
Difference  due  to  Xa,SOi  in  weighed  sulphates  —0.08  gram. 

(K,SO,-Na,SO0  :  Xa^O,  :  :  Diff  : 

32  :     142     :  1 0.08  : 0.355  XajSO,  present  in  the  mixed  sul- 

phates. 

And  the  mixed  sulphates  0.79  gram  —0.355  =0.435  KiSO«  present  in  the  mixed 
sulphates. 

Therefore  the  mixed  sulphates  consist  of  NajSO,  0.355  gram,  K,SOi  0.435  gram. 

The  proportion  of  the  acid  used  for  the  hydrates  is  80/100  and  for  the  car- 
bonates is  20/100. 

Therefore  the  proportion  of  the  difference  (0.08)  due  to  Na,SOi  from  the  hydrate 
NaOH  ia  0.08X80/100  =0,064.     For  the  carbonates  =0.08x20/100=0.016. 

By  the  above  ratios  32  :  142  :  :  O.Ofrt  :  0.284  Xa^O.  from  NaOH  =40  cc. 
X/10  acid.     32  :  142  :  :  0.016  :  0.071  Na,SO.  from  Na,CO  - 10  cc.  acid. 

•  W.  A.  Bradbury  and  F.  Owen.    C.  N.,  107,  2778,  85  (Feb.  21,  1913). 
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;  qI  oO  cc.  acid  uaed  for  the  hydratea     =0.696    K^O,. 

Iff^  0.2S4  Na^,  from  the  NaOH  =0.348    K^.. 

.  Difference -K,SO,  from  KOH      .   =0.348=40  cc.  N/10  acid. 

jfTj  20  cc.  acid  uaed  for  the  carbonates  =0.174. 

0.071  Na,SO«  from  the  Na,CO,       =0.087. 

Difference  -K^,  from  K.CO,       =0.087  =  10  cc.  acid. 

The  figures  correapood  with  the  quantitiea  taken.  ,, 

80  cc.  of  acid  to  neutralize  the  hydrates. 

20  cc.  of  acid  to  neutralize  the  carbonates. 

f  NaOH  0.284 -40  cc.  acid  ) 
Na^O,  =0.355  80  cc.  acid. 

\  NatCO,  0.071  - 10  cc.  acid  J 

f  KOH     0.348  -  40  cc.  acid  1 


Totals     0.790  0.790(a)  100 

Calculate  these  sulphates  to  the  corresponding  hydratea  and  carbonates. 

DETERMINATION  OF  SODIUM  BICARBONATE  AND  SODIUM 
CARBONATE  IN  PRESENCE  OF  ONE  ANOTHER 

Five  grams  of  the  sample  are  dissolved  in  COt-free  water,  and  the  solution 
made  up  to  exactly  250  cc.  in  a  measuring  flask.  Aliquot  portions  of  25  cc, 
equivalent  to  0.5  gram,  are  token  for  analysis.  The  sample  taken  is  titrated 
with  N/5  hydrochloric  acid  in  presence  of  phenolphthalein  indicator  (2-3  drops). 
The  cc.  titration  recorded  as  "A,"  representa  one  half  of  the  sodium  carbonate 
present.  Methyl  orange  indicator  is  now  added  (2-3  drops)  and  the  titration 
with  the  acid  continued  until  the  solution  turns  faintly  pink.  The  remaining 
carbonat«  and  all  of  the  bicarbonate  are  now  titrated.  The  cc.  titration  are 
recorded  as  B. 

2A  X  0.0106  =  Na,Ca  and  B-A  X  0.0168  =  NaHCO.. 
Tbe  author  desires  to  acknowledge  his  indebtedness  to  Dr.  W.  B.  Hicks, 
Chief  of  the  Analj^ical  Department,  The  Solvay  Process  Company,  for  his 
renew  of  the  section  on  Alkalies. 


SODimi  HYDROXIDE  SOLUTION  AT  15« 


1  Llt>[  cont-id* 

3SS. 

CVM 

TiiSsSi 

"So^ 

0(Mn» 

H^O. 

HaOB. 

1.C07 

1.0 

1.4 

0.47 

0.61 

4 

6 

l.OH 

2.0 

2.8 

0.93 

1.20 

9 

12 

1.022 

3.1 

4.4 

1.55 

2.00 

16 

21 

1.02B 

4.1 

5.8 

2.10 

2.70 

22 

28 

1.036 

5.1 

7.2 

2.60 

3.35 

27 

35 

1.045 

0.2 

9.0 

3.10 

4.00 

32 

42 

1.052 

7.2 

10.4 

3.60 

4.64 

38 

49 

1.060 

8.2 

12.0 

4.10 

5.29 

43 

56 

1.067 

9.1 

13.4 

4.55 

6.87 

49 

63 

1.075 

10.1 

15.0 

5.08 

6.55 

55 

70 

1.083 

11.1 

16.6 

5.67 

7.31 

61 

79 

1.091 

12.1 

18.2 

6.20 

8.00 

68 

87 

1.100 

13.2 

20.0 

6,73 

8.68 

74 

95 

1.108 

14.1 

21.6 

7.30 

9.42 

81 

104 

1.116 

15.1 

23.2 

7.80 

10,06 

87 

112 

1.125 

16.1 

25.0 

8.50 

10.97 

96 

123 

1.134 

17.1 

26.8 

9.18 

11,84 

104 

134 

1.142 

18.0 

28.4 

9, SO 

12.64 

112 

144 

1.152 

19.1 

30.4 

10.50 

13.55 

121 

156 

1.162 

20.2 

32.4 

11.14 

14.37 

129 

167 

i.m 

21.2 

34.2' 

11.73 

15,13 

137 

177 

1.180 

22.1 

36.0 

12.33 

15.91 

146 

183 

1.100 

23.1 

38.0 

13,00 

16.77 

155 

200 

1.200 

24.2 

40.0 

13.70 

17.67 

164 

212 

1.210 

25.2 

42.0 

14.40 

18.58 

174 

225 

1.220 

26.1 

44.0 

15.18 

19.58 

185 

239 

1.231 

27.2 

46.2 

15.96 

20.59 

196 

253 

1.241 

28.2 

48.2 

16.76 

21.42 

208 

266 

1.252 

29.2 

50.4 

17.55 

22.64 

220 

283 

1.263 

30.2 

52.0 

18.35 

23.67 

232 

299 

1.274 

31.2 

54.8 

19.23 

24.81 

245 

316 

1.285 

32.2 

57.0 

20.00 

25.80 

257 

332 

1.297 

33.2 

59.4 

20.80 

26.83 

270 

348 

1.308 

34.1 

61.6 

21,55 

27.80 

282 

364 

1.320 

35.2 

64.0 

22.35 

28.83 

295 

381 

1.332 

36.1 

66.4 

23,20 

29,93 

309 

399 

1.345 

37.2 

69.0 

24.20 

31.22 

326 

420 

1.357 

38.1 

71.4 

25.17 

32.47 

342 

441 

1.370 

39.2 

74.0 

26,13 

33,69 

359 

462 

1.383 

40.2 

76.0 

27.10 

3i.90 

375 

483 

1.397 

41.2 

79.4 

28.10 

36.25 

392 

506 

1.410 

42.2 

82.0 

20,05 

37,47 

410 

528 

1.424 

43.2 

84.8 

30.03 

38,80 

428 

553 

1.438 

44.2 

87.0 

31.00 

39.99 

446 

575 

1.453 

45.2 

90.6 

32.10 

41.41 

466 

G02 

1.468 

46.2 

93,0 

33.20 

42.83 

487 

629 

1.483 

47.2 

96.0 

34.40 

44.38 

510 

658 

1.4S8 

48.2 

99.6 

35.70 

46.15 

535 

691 

1.514 

49.2 

102,8 

36,90 

47.60 

559 

721 

■■■'"' 

50.2 

106.0 

38.00 

49,02 

581 

750 

AQUA  AMMONU 
AccOHDiHo  TO  W.  C.  Fesouson 


lutm* 

r-- 

Fci  CHt 

W- 

Par  C«it 

mn™. 

!'•■ 

Pot  cant 

HHk 

lO.OO 

1.0000 

.00 

16.50 

.9556 

11.18 

23  00 

91  .W 

23,52 

10.25 

.9982 

,40 

16.75 

.9540 

11.64 

23.25 

9135 

24.01 

10.50 

.9964 

.80 

17.00 

.9524 

12.10 

23.50 

9121 

24.50 

10.75 

,9947 

1.21 

17.25 

.9508 

12.66 

23.75 

9106 

24,99 

11.00 

.9929 

1.62 

17.50 

.9492 

13.02 

24.00 

0091 

25.48 

11.25 

.9012 

2.04 

17.75 

.9475 

13.49 

24.25 

9076 

25,97 

11.50 

.9894 

2.46 

18.00 

.9459 

13.96 

24.50 

sum 

26.46 

11.75 

.9876 

2.88 

18.25 

.9444 

14.43 

24.75 

9047 

26.95 

12.00 

.0869 

330 

18.50 

.9428 

14.90 

25.00 

9032 

27,44 

12.25 

.0842 

3.73 

18.75 

.9412 

15.37 

25.25 

ODIH 

27.93 

12.60 

.9825 

4.10 

19.00 

.9396 

15. *1 

25.50 

9003 

28,42 

12.75 

.9807 

4.59 

19.25 

.9380 

16.32 

26.75 

28,91 

13.00 

.9790 

5.02 

19.60 

.9365 

16.80 

26.00 

H974 

29.40 

13.25 

.9773 

5.45 

19.75 

.9349 

17.28 

26.25 

8960 

29.89 

13.50 

.0756 

5.88 

20.00 

.9333 

17.76 

26.50 

fmfi 

30,38 

1375 

.0739 

0.31 

20.25 

.9318 

18.24 

26.75 

8931 

30.87 

H.OO 

.9722 

G.74 

20.60 

.9302 

18.72 

27,00 

8917 

31.36 

14.25 

.9705 

7.17 

20.75 

.9287 

.19.20 

27.25 

S903 

31,85 

14.50 

.9689 

7. CI 

21.00 

.9272 

19.68 

27.50 

HS89 

32, 34 

14.75 

.9672 

8.05 

21.25 

.9256 

20.16 

27,75 

H875 

32.83 

15.00 

.9655 

8.49 

21.50 

.9241 

20.64 

28,00 

8861 

33.32 

15.25 

.9639 

8.98 

21.75 

.9226 

21.12 

28.25 

8847 

33.81 

15.50 

.9622 

S.38 

22.00 

.0211 

21.60 

28.50 

8833 

34.30 

15.75 

.9605 

9.83 

22.25 

.9195 

22.08 

28.75 

8819 

34  79 

16.00 

.9580 

10.28 

22.50 

.9180 

22.56 

29,00 

8805 

35.28 

1G.25 

.9573 

10,73 

22.75 

.9165 

23  04 

ALLOWANCE  FOR  TEMPKRATURB 
TIm  coefficient  of  expansioii  for   ammonia   solutions,  varying  with   the 
temperature,  correction  must  be  applied  according  to  the  following  table: 


DtpnBtkmWF. 

C<in«otloiii  to  M  Sn^tracM  for  Buk  hegne 

KES- 

*«•?. 

JO- p. 

7u"F. 

to'V. 

90"  F. 

mfF. 

14' B6 

.015"  K 

.017°  B6 

.020"  B6 

.022=  B6 

.024*  B£ 

.026°  B4 

16" 

.021     " 

.023     " 

.020     " 

.028     " 

.032      " 

.027     " 

.029     " 

.031     " 

20" 

.033     " 

.036     •' 

.037     " 

.038     " 

040     " 

.042      " 

22" 

.039     " 

.042     " 

,043     " 

.045     " 

.047     " 

.053     " 

.057     " 

,057     " 

.059     " 

ANALYSIS   OF   AQUA   AMMONIA 

Details  for  the  complete  analyBia  of  crude  ammoniacal  liquor  will  be  found 
in  Volume  I  on  pages  344-345. 

The  per  cent  ammonia  in  a  solution  free  from  other  substances  may  be 
determined  with  a  fair  degree  of  accuracy  by  determining  the  specific  gravity 
of  the  solution  by  means  of  th&  hydrometer.  Since  the  specific  gravity  ^ 
aqua  ammonia  is  less  than  1,  hydrometers  graduated  for  measuring  liquids 
lighter  than  water  are  used.  The  formula  for  1  degree  Baume^CHO/ep.gr.) 
- 130.     Reference  is  made  to  the  table  on  Aqua  Ammonia. 

Provided  no  other  basic  constituent  ia  present,  free  ammonia  in  solution 
is  best  determined  by  direct  titration  with  an  acid  in  presence  of  methyl  orange 
or  methyl  red  as  indicator. 

Procedure.  About  10  grams  of  the  solution  in  a  weighing  bottle  with  gloss 
stopper  is  introduced  into  an  800-cc.  Erlcnmeyer  flask  containing  about  200  cc. 
of  water  and  sufficient  i  normal  sulphuric  acid  to  combine  with  the  ammonia 
and  about  10  cc.  in  excess.  The  flask  is  stoppered  and  warmed  gently.  This 
forces  out  the  stopper  in  the  weighing  bottle,  the  ammonia  combining  with 
the  acid.  Upon  thorough  mixing,  the  solution  is  cooled,  and  the  excess  of 
acid  is  titrated  with  half  normal  caustic. 

One  cc,  i  N.  H.SO,  =  0.0085  gram  NH,. 

Factor.     H,SO,  X0.3473  =  NH,. 

Note.  The  aqua  ammonia  expoeed  to  the  air  will  lose  ammoDia,  hence  the  sample 
should  be  kept  stoppered.  This  Iobb  of  ammonia  is  quile  appreciable  in  strong  anunoni- 
aral  solutions. 
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JoBN  C  Olsbn'  AMD  WiLUAU  B.  Price*  I 

KfflcnltT  of  Complete  SeparHtion  of  Elements.  Ab  the  great  majority  of 
the  substances  with  which  the  chemist  ia  called  upon  to  deal  are  complex  rathei 
than  simple,  a  careful  study  of  the  separation  of  the  elements  ia  of  the  greatest 
importance.  Only  by  the  closest  attention  to  details  can  success  be  attained 
in  the  analysis  of  complex  substancee.  The  importance  of  testing  precipitates 
for  impurities  and  the  solution  for  unprecipitated  portions  of  an  element  can- 
not be  too  strongly  urged.  Only  in  this  manner  can  the  accuracy  of  an  analysis 
be  assured. 

Limit  of  Accuracy  in  Analysis.  If  &  complete  analysis  is  made  the  sum  of 
all  the  constituents  must  be  very  close  to  100%.  A  summation  which  is  within 
.5%  can  generally  be  obtained  if  the  analysis  is  conducted  with  care  and  reliable 
methods  are  used.  In  general  the  analysis  of  an  unknown  substance  should  be 
conducted  in  duplicate.  If  the  duplicate  results  do  not  agree  within  .2  or  at  most 
.3%,  a  third  analysis  should  be  made.  As  the  error  of  most  determination?  is 
at  Irast  .1%,  it  is  unnecessary  to  calculate  results  to  mora  than  hundredths  of  per 
cent.  As  the  error  in  each  determination  of  the  analysis  of  a  given  substance  may 
be  either  plus  or  minus,  the  practice  of  dividing  the  difference  between  the  sum- 
mation and  100%  among  the  various  determinations  is  not  justiliable. 

It  is  in  some  cases  possible  to  analyze  a  substance  in  such  a  manner  that  the 
results  are  accurate  to  the  hundredth  of  a  per  cent.  Such  results  may  be  computed 
to  the  .001  of  a  per  cent.  This  practice  is  common  in  the  analysis  of  metals. 
Istge  quantities  of  the  metal  are  taken,  so  that  considerable  quantities  of  the 
impurities  which  are  present  in  small  amounts  are  obtained  for  determination. 
The  results  may  then  be  accurate  to  the  hundredth  of  a  per  cent.  This  does  not 
imj^y  a  hi^er  degne  of  accuracy  in  the  determination  of  a  given  element  than 
.1  (rf  a  per  cent.  For  example,  if  iron  were  present  in  copper  to  the  extent  of 
■5%,  a  determination  of  the  iron  which  is  accurate  to  .01%  of  the  impure  copper 
would  represent  an  error  of  Vi  of  the  amount  of  iron  present  in  the  copper.  In 
giving  the  resulteof  such  analyses  the  percentage  of  the  main  constituent  is  obtained 
by  difference,  so  that  the  summation  is  exactly  100%. 

E  Polytechnic  Institute,  Brooklyn,  N.  V 


rolyteehnic  Institute,  Brooklyn,  N.  \  . 
ivill  Manufacturing  Co.,  Walerburj',  Conn. 


ANALYSIS   OF   ALLOYS 


Solution  of  Alloys  and  Outline  of  Separation 


c  acid,  aqua  refJA,  sulphuric  acid, 

Kitric  Add  Method 

Treat  one  or  more  grams  of  the  alloy  filinRs  or  drillings  with  concentrated  HNOi  or 
HNO]  I  :  1  until  the  mefol  is  completely  decompoaed  or  in  solution,  adding  w&t«r  if 

net^essary  to  assist  solution. 

(a)  If  the  meItU  dUaolits,  antimony  and  tin  are  absent;  oroit  their  tests. 

(b)  If  the  metal  fomw  a  turbut  aoluHim,  antimony  and  tin  may  be  present;-  To  ft 
portion,  oiid  several  I'olumea  of  water  and  boil,  (a)  If  a  elear  solulion  is  formed  treat 
the  entire  solution  in  the  same  way,  and  omit  tests  for  Sn  and  Sb. 

{e)  If  the  refidue  is  insoluble,  Sb  and  Sn  arc  indicated,  evaporate  the  entire  soIulJoo 
to  dr)'ne><s,  gently  ignite  to  expel  water,  add  HNOi,  heat,  dilute  and  filter.  If  the 
filtrate  is  lurbid,  repeat  the  filtration  until  clear. 


Precipitate.— SnO,;   Sn,(PO.)*;    Sb/),,    all 
while  and  traces  of  the  copper  group  metals. 

.  Digest  from  10  to  20  mmules  with  strong  group. 


K,S,  NaiS  or  (NH,)|S  solution  and  filtei 

b.  Melt  with  NsfCOi  and  sulphur,  cool, 
digest  with  watar,  anil  filler. 


Precipitate.^Tracce|    Filtrate, 
of  copper  group.     IfSn,    8b 

sufficient  in  quantitvJjust  aridifvwithdilute 
dissolve  in  HNO,;  add  HCl  and  filter. 
to    filtrate    containing      a.  Analyze  the  pre- 
(NH.)^  group.  I  ■■...-.  -■.  1 


Add  from  1  to  3  cc.  i 
HtSOi  and  evaporate  i 
dilute  and  filler. 


Precipitate.— Pb-I    Pfltnite.—  C  o  n  - 

)i,   white.      Treat  tains  the  HiS  group 

ith    NH.C,H,0,  (without  8r, 8b, and- 

mlution,  filter,   and.Pb    and    free    from 

oddKiCrO,.    Ayel-HNO,)      and      ihe 

! dpi tated  sulphides.       low   precipitate  in-'(NHt)iS  group. 

b.  Test   the  filtrate  soluble     m     KOHi     Into  a  portion  of 
for  phosphates.             proves  lead  present,  the  solution  pass  in 
I  in  UiS.     A  preripi- 
-  —  -     - Itate  shows  the  pres- 

ence of  the  HiS  group  metals. 


a.  If  Ike  ffiS  group  u  not  preterit,  as  shown  by  a  test  on  a  portion  of  the  solution, 
make  a  test  for  the  {NHi)iS  group. 

b.  If  Ihe  i/»S  group  is  present,  precipitate  the  metals  with  H|8,  filler  and  wash. 

PUtiate.— Contains  the  (NH^)^  group 

a.  Test    for    Photphatei.      If    found 

present  consult  notes  on  this  group  in 


//  mercury  in  presetit  use  (NH()iS 
ate  the  sub-groups.  , 

If  mercury  is  ahse'it  digest  the  precipitate! 
with  20  per  cent  KOH  (2  la  3  grams  dissolved| 
in  10  I'C.  of  water),  filler  and  wash. 

Precipitate.—  C  o  p  -|  Filtrate.— A  r  h  e  n  i  c  i 
per  group.  'group      in      solution.' 

Analyse  by  proeed-' Acidify,  filler  and  an-' 

ure  outlined  for  ihc  in-  alyze    precipitate    by 

soluble  H|S  subgroup,  the  procedure  for  the, 

soluble  H|S  subgroup. 


t  II. 

.  Moke  a  test  for  the  grou]i,  by  mak- 
ing a  small  portion  ommoniacal,  and 
passing  in  H^,  if  not  present.  A  pre- 
cipitate other  than  sulphur  indicates  the 
presence  of  the  metola  at  this  group. 
Analyze  the  precipitate  t^  the  fintpro- 
cedure  on  the  metaU  of  the  (NH.JiS 
group. 

c.  If  a  test  is  made  for  mamieeium, 
analyze  the  filtrate  by  piooedures  for 
the  alkaUes. 


ANALYSIS  OF  ALLOYS  1073 

Tha  principal  non-ferroua  alloys  come  under  the  following  classification  a 
FUSIBLE   METALS 
White  Mbtala,  Soldbbs,  Babbits,  Antifriction 


Ordinary  BcaringB 

KaysemutD 

Brittania  Metal 

B^bit  Metal 

Berltn  Kailroads 

Ashberrj' 

Minorfcr 

Stereotype  Metal 

Pe»-ter 

Railroad  Bcaringii 

Type  Metal 

M^nolia  Metal 

Tempered  Lead 

niiite  Metal 

Solder 

Solder 

Steam  Boiler  Plus 

Sir  laaa;  Newton  s  Alloy .  . 

Row'i  Alloy 

Wood's  Alloy 

Expanding  Alloy 


60.0  20  20 

70.0  10  18 

80.0  4.75  15.0 

98.5  I      .08        .11 

82.0  12.0 

73.0  !  25.0 

50.0  150.0    I 


Ni,  1.0 
Fc.  1.0 
Bi,  50.0 


Bi,  12.H 
Bi,  mJO 
Bi,  50.0 
Bi,  60.0 
Cd,  12.5 
Bi,     8.3 


BEtoMZE.4 — Plain 


AU<V 

Copper 

Tin     [ 

Ztoc 

o..« 

(■„«„.r 

Phono  Electric  Metal 

Phono  Electric  MeUl 

98.5S 

97.00 

92 

90 

90 

90 

90 

89 

87 

86 

85 

84.96 

84 

83.0 

82 

80 

80 

77 

70.00 

1.40 

5  ' 

1.45 

8    : 

9.8    ' 
10      ■ 
8      1 

6  1 
10      1 
10 

8 

7 
14 
15 

7.96' 
14 

5.0    ■ 
16 
18 
20 
11. .I 
30.00 

1.50 

2 
3 

2 
5 
3 

5.31 

2,0 

2 

2 

Trace 

Si, 

Si, 

p, 
Pb. 

As, 

Pb, 

Pb, 
Pb, 

Pb, 
Fe, 

.05 

m 

.20 

1.0 
1.0 

a.o 

1.77 
10.0 

11.5 
Trace 

Telephone  W  ire 

nioa  Broiue 
U.S  GuD  Metal  (187  >) 
tiua  Metal 
StatuaiT  Brmise 

Medals,  Whistles 

AdmmllT  Bronae 
Britidi  Navy  Bronce 

Carbureters 

Nenite  Metd 
Gun  Metal 

Valves.  Sercw 

Gila  Metal 

Ajax 
^Mulum  Metal 

Bearings 

I    5.0 


Aad  RenstJDg  Metal .  , 


Sh 

5.4 

Hh, 

7.ft5    , 

P. 

.05  \ 
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Plain  BitAsaKa 


Altar 

Copprr 

dMUod 

.^ 

99.15 

97  Jt 

95 

91.0 

90 

84,5 

84 

83.3 

80 

75 

70 

67 

66.6 

65 

64.5 

60.0 

55 

50 

33.34 

.85 
2.2 
5 
9 

10 

15.5 

16 

16.7 

20 

25 

30 

33 

33.4 

35' 

35.5 

40 

45 

M 

66.66 

Ctge.  Gilding 

Bronse  Powder 

Common  Brass  Wire 

Strong  Brass  Solder 

Leaded  Brass 


leaded  Orcide  Wire 88 

Watch  Braas I  74 

Swivel  Connection  Wire 69.5 

Sign  Brass 66 

DriU  Rod I  63.5 

EnRravers  Brass 63.5 

Common  I^eaded  Wire I  63 

Cloek  Brass 61.5 


24.75 
20.5 
33.5 
33.5 
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Tin  Brabb  and  Special  Brass 


N&me  Plates 

Trolley  Fitting .... 
Condeneer  Bnas . , . . 
Tobin  Broiue 

N'aval  Brass  Rod . .  - 
Mancaneae  Bronie . , 

Rich's  Metal 

Ddta  Metal 


CuPBO  Nickel  and  Nickel  Silvers 


5%  Nickel  saver... 
10%  Xickd  Silver.. 
10%  Cupro  Nickel.. 
Smm  Watch  Nickel. 
15%  Nidtel  Silver.. 
15%  Watch  Nickel . 
I5%Cupro  Nickd.. 
Hardware  Metal . . . 

Victor  Metal 

Stetiine 

Special  Spoon  Stock 
20%  Nickel  Silver.  . 
20%  Cupro  Nickel,. 
U.S.  Nickel  Coins.. 
Arnenlan 


49.94 

15.40 

34.27 

69.00 

18.00 

13.00 

61.5 

20.5 

61.5 

20 

18.5 

80 

76 

25 

52.0 

28.0 

22.0 

Analysis  of  Type  Metal 

Alloy  of  Copper,  Lead,  Antimony,  Tin,  with  Small  Amoooto  of  Inni 
and  ArBenic 

S(dation  of  the  Alloy.  To  I  gram  of  the  alloy,  which  has  been  cut  into  small 
rfiBvings  with  a  clean  knife,  or  sampled  by  means  of  a  clean  hack-saw  producing 
fine  "  sawings,"  are  added  15  cc.  concentrated  hydrochloric  acid.     The  solution 
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is  gently  warmed  on  the  water  bath  and  a  drop  or  two  of  concentrated  nitric  acid 
1"  nddwi  occasionally  until  solution  is  effect^.  All  of  the  metals  will  be  con- 
verted into  chlorides  which  will  remain  in  solution  with  the  possible  exception  of 
lead  chloride.  An  excess  of  nitric  add  is  to  be  avoided,  as  it  tends  to  form  insoluble 
metastannic  acid,  which  can  be  readily  distinguished  from  the  crystalline  lead 
chloride.  If  metastannic  acid  forms,  the  operation  must  be  repeated,  using  less 
nitrio  acid  or  adding  it  less  frequently.  After  a  few  trials  the  correct  method  of 
adding  the  nitric  acid  is  Boon  acquired. 

Lead.  The  eolution  is  allowed  to  cool  and  then  stand  at  least  one-half  hour 
or  better  overnight  to  allow  the  lead  chloride  to  crystallize  out.  Ten  times  the 
volume  of  absolute  alcohol  is  then  added  in  several  portions.  After  standing  for 
about  half  an  hour,  the  lead  chloride  is  filtered  off  on  a  Gooch  crucible,  washed 
with  a  mixture  of  4  parts  of  95%  alcohol  and  1  part  of  concentrated  hydrochloric 
acid,  and  finally  with  pure  alcohol.  It  is  dried  for  three  hours  at  150°  and  weighed. 
The  great  advantage  of  this  method  of  separating  the  lead  is  that  the  very  trouble- 
some treatment  of  the  sulphides  of  the  metals  present  with  sodium  or  potassium 
sulphide  is  avoided.  The  mo»t  difficult  part  of  Uie  operation  is  the  solution  of  the 
alloy. 

Copper  and  Iron.  The  filtrate  from  the  lead  chloride  is  heated  until  the  alcohol 
is  expelled.  Two  grams  of  tartaric  acid  and  an  excess  of  ammonia  are  added 
and  the  solution  warmed  until  the  precipitate  dissolves.  By  the  addition  of  5  cc. 
of  saturated  hydrogen-sulphide  water,  the  copper  and  the  small  amount  of  lead 
still  unprecipitated  as  well  as  a  trace  of  iron  which  may  be  present  may  be  pre- 
cipitated without  bringing  down  any  of  the  tin  and  antimony.  The  solution  is 
warmed  and  when  the  dark-colored  precipitate  has  settled,  1  cc.  of  the  hydrogen- 
sulphide  water  is  added  to  the  clear  supernatant  hquid.  If  no  further  precipi- 
tate is  [Hoduced,  the  solution  is  filtered  and  the  precipitate  washed  with  water 
containing  hydrogen  sulphide. 

The  precipitate  ia  difwolved  in  a  little  warm  dilute  nitric  acid  and  the  lead 
separated  as  sulphate,  the  nitric  acid  being  expelled  by  evaporation  after  the 
addition  of  sulphuric  acid.  The  copper  is  precipitated  from  the  filtrate  as  sulphide 
and  if  small  in  amount  may  be  ignited  and  weighed  as  oxide.  If  considerable 
copper  is  present  it  must  be  weighed  as  sulphide  or  without  precipitation  as  sul- 
phide may  be  separated  electrolytically  from  the  iron.  One  or  2  cc.  concentrated 
nitric  acid  are  added  and  a.  current  of  one-half  ampere  passed  until  all  the  copper 
is  precipitated.    The  iron  may  then  be  precipitated  with  ammonia  and  weighed  as 

Separation  of  Antimony  and  Tin.  The  solution  of  antimony  and  tin  is  acidi- 
fied with  hydrochloric  acid,  hydrogen  sulphide  passed,  and  the  precipitate  filtered 
off  and  washed  two  or  three  times.  A  hole  is  made  in  the  point  of  the  filter-paper 
by  means  of  a  glass  rod  and  the  bulk  of  the  precipitate  washed  into  a  beaker  with 
s  little  water.  ■  Warm  dilute  hydrochloric  acid  is  poured  over  the  paper  to  dissolve 
the  portion  of  the  precipitate  still  adhering  to  the  paper.  The  precipitate  in  the 
beaker  is  dissolved  by  warming  and  adding  concentrated  hydrochloric  acid.  The 
hydrogen  sulphide  is  decomposed  by  the  addition  of  a  crystal  of  potassium  chlorat« 
and  warming.  Some  pure  metallic  iron  is  added  and  the  solution  heated  on  the 
water  bath  for  about  one-half  hour  or  until  the  iron  is  nearly  dissolved.  The  pre- 
cipitated antimony  is  filtered  off  on  a  Gooch  crucible,  a  little  iron  having  been 
sprinkled  on  the  asbestos.  The  precipitate  is  washed  with  boiled  water  to  wfaidi 
considerable  hydrochloric  acid  has  be^  added. 
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The  uitimony  is  disBolved  in  hydrochloric  acid  to  vbich  a  little  potassium 
chlorate  has  been  added.  The  solution  is  vanned  to  expel  chlorioe  and,  after  the 
addition  of  tartaric  add  and  water,  hydrogen  sulphide  is  passed.  The  antimony 
sulphide  is  filtered  oS  and  washed  with  water  containing  a  little  hydrogen  sulphide. 
The  moist  precipitate  is  rinsed  into  a  capacious  porcelain  crucible  with  water.  The 
small  portion  still  adhering  to  the  paper  is  dissolved  in  a  little  warm  ammonium 
salphide  &nd  the  solution  allowed  to  Sow  into  the  crucible.  The  solution  is 
evaporated  on  the  water  bath  after  the  addition  of  a  few  cc.  of  concentrated  nitric 
add.  If  Bulphur  separates,  a  little  liquid  bromine  is  added  when  the  solution  has 
becmoe  quite  concentrated.  When  the  globule  of  sulphur  has  disappeared,  expel 
the  excess  of  nitric  add  by  heating  on  the  hot  plate  or  with  the  Bunsen  burner, 
finally  heating  to  full  redness.  Cool  a  little,  sprinkle  some  ammonium  carbonate 
over  the  precipitate,  and  ignite  again  to  completely  expel  sulphuric  acid  and  wdgh 
as  antimony  tetroxide,  SbiO,. 

The  antimony  may  also  be  weighed  a^  the  trisulphide,  Sb|S|.  The  precipitate 
is  filtered  on  a  weighed  Gooch  crudble,  and  heated  to  230"  in  a  stream  of  carbon 
dioxide  to  exclude  oxygen  until  constant. 

Tin.  To  predpitate  the  tin  in  the  filtrate  from  the  antimony  the  excess  of 
hydrochloric  add  is  neutralized  with  ammonia,  the  solution  diluted  somewhat, 
wnrmed,  and  hydrogen  sulphide  passed  until  the  tin  ia  entirdy  precipitated.  The 
(tennous  sulphide  is  washed  with  water  containing  hydrogen  sulphide  and  a  few 
grams  of  ammonium  sulphate.  It  is  dried  and  detached  from  the  paper  which  is 
burned-  The  pr^ipitate  and  the  ash  are  placed  in  a  weighed  porcdain  crucible 
and  heated  very  gently  with  free  access  of  air  until  sulphur  dioxide  ceases  to  be 
ffvtat  off.  The  oxidation  may  be  assisted  by  the  addition  of  a  few  drops  of  nitric 
add.  Finally  the  precipitate  is  strongly  heated  to  expel  sulphuric  acid,  which 
is  completely  removed  by  the  addition  of  a  little  ammonium  carbonate  and  again 
igniting.     It  is  weighed  as  stannic  oxide,  SnOi. 

Aisenic.  As  only  a  trace  of  arsenic  is  present,  a  5-  or  10-gram  portion  of  the 
alloy  should  be  taken  for  its  determination.  Dissolve  in  hydrochloric  add  and 
potassium  chlorate  andwarm  to  expel  the  chlorine.  Filter  off  the  lead  chloride  on 
aabestOH  and  wash  a  few  times  with  dilute  hydrochloric  add.  Add  one-third  the 
volume  of  concentrated  hydrochloric  acid  and  paeshydrogen  sulphide.  Filter  off  the 
pred[Htate  consisting  of  the  sulphides  of  copper  and  arsenic  on  asbestos,  wash  with 
hot  water  containing  hydrc^n  sulphide  and  a  httle  hydrochloric  add.  Dissolve 
the  arsenic  sul^^de  by  washing  the  predpitate  with  a  little  warm  dilute  ammonia. 
Evsnorate  the  solution  nearly  to  dryness  in  a  porcelain  dish.  Oxidize  the  arsenic 
by  warming  with  concentrated  nitric  add,  dilute  the  solution  somewhat,  neutralize 
with  filtered  unmonia,  and  add  magnesia  mixture.  After  standing  twenty-four 
hours  filter,  wash,  ignite,  and  weigh  as  magnesiimi  pyroarseikate  according  to  the 
directions  given  in  chapter  on  Arsenic. 

Analysis  of  Soft  Solder 

ASay  of  Lead  and  Tin,  General^  Containing  Small  Amounts  of  AiBenic, 
Antimony,  Iron,  and  Zinc 

Sdolioa  of  the  Alloy.  One  gram  of  the  alloy  is  weighed  out  and  transferred 
to  a  beaker  of  about  500-cc.  capacity. .  Ten  cc.  of  concentrated  nitric  acid  and 
3  cv,  of  •rater  are  added.    The  beaker  is  covered  with  a  watch-crystal  and  heated 
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on  the  water  bath  until  the  alloy  ie  completely  decomposed  and  the  nitroUB  fumcB 
are  entirety  expelled.  One  hundred  cc,  of  water  are  added  and  the  solution  boiled 
for  live  minutes  and  allowed  to  settle  for  one  hour.  The  stannic  oxide  is  filteied  off 
and  washed  with  hot  water.  The  moist  precipitate  may  be  introduced  into  a 
weighed  porcelain  crucible,  the  paper  burned  in  the  usual  manner,  and  finally 
heated  to  redneea  for  ten  minutes. 

Tin.  When  the  precipitate  has  been  brought  to  constant  weight,  it  is  fused 
with  six  times  its  weight  of  a  mixture  of  equal  parts  of  sulphur  and  sodium  car- 
bonate. The  fused  mass  is  dissolved  in  hot  water  and  the  solution  filtered.  The 
insoluble  sulphides  are  washed  with  hot  water  and  treated  with  a  little  dilute 
hydrochloric  acid  and  the  paper  washed  with  water.  If  topper  is  present  it  will 
remain  on  the  paper  and  the  small  amount  present  may  be  weighed  as  CuO  after 
burning  the  paper  in  a  porcelain  crucible  and  igniting  the  precipitate.  The  lead 
is  precipitated  by  the  addition  of  a  few  drops  of  sulphuric  acid  and  25  cc.  of  alcohd 
to  the  solution,  which  should  not  exceed  50  cc.  After  standing  one  hour,  the  pte- 
cipitate  is  filtered  off  on  a  Gooch  crucible,  washed  with  alcohol,  dried  on  the  hot 
plate,  and  weighed.  The  filtrate  is  evaporated  until  the  alcohol  is  completely 
expelled.  Any  iron  present  is  precipitated  with  ammonia  and  weighed.  Hydrogen 
sulphide  is  passed  through  the  filtrate  to  precipitate  any  zinc  present,  iriilch  ii 
filtered  off.  The  filtrate  from  the  insoluble  sulphides  will  contain  the  tin  as  a 
thiostannate  and  part  of  the  antinumg  present  inthealloy  asathioantimonate. 
The  solution  is  boiled  after  the  addition  of  caustic  soda  and  hydrogen  peroxide 
'  until  it  is  nearly  decolorized.  On  acidifying  and  passing  hydrogen  sulphide  both 
metals  are  precipitated  as  sulphides.  If  antimony  ia  present  the  metals  should  be 
separated  by  the  method  given  under  Analysis  of  Type  Metal,  page  1076.  The 
weiKht  of  the  impurities  found,  computed  as  oxides,  is  deducted  from  the  weight 
of  the  impure  stannic  oxide. 

Lead.  The  filtrate  from  the  stannic  oxide  is  transferred  to  a  porcelain  dish, 
5  cc.  concentrated  sulphuric  acid  added,  and  evaporated  until  fumes  of  sulphuric 
acid  are  evolved.  Cool  the  dish  by  floating  it  in  cold  water  and  add  cautiously 
75  cc.  of  water.  Stir  thoroughly  and  add  25  cc.  of  alcohol.  Allow  the  solution  to 
stand  tor  at  least  one  hour,  filter  off  the  lead  sulphate  on  a  weighed  Gooch  crucible, 
wash  with  alcohol  until  free  from  acid,  dry  on  the  hot  plate,  and  weigh. 

Arsenic  and  Antimony.  The  alcohol  ia  completely  expelled  from  the  filtrate 
by  evaporation  an/i  any  arsenic  present  precipitated  by  passing  hydrogen  sulphide. 
If  this  precipitate  ia  of  an  orange  color  instead  of  pure  yellow,  antimony  is  present. 
It  should  be  filtered  off  and  washed  with  water  containing  a  little  hydrochloric 
acid  until  free  from  iron  and  hydrogen  sulphide.  It  is  then  washed  with  amatl 
portions  of  concentrated  ammonium  carbonate  solution  until  the  aisenic  sulphide 
ia  entirely  dissolved.  The  arsenic  ia  reprecipitated  by  acidifying  the  solutioa  with 
hydrochloric  acid  and  passing  hydrogen  sulphide.  It  ia  filtered  off  on  a  Gooch 
crucible  and  washed  with  water  containing  hydrogen  sulphide  and  a  little  hydro- 
chloric acid.  The  water  is  removed  by  alcohol  and  the  precipitate  digested  with 
carbon  disuiphide  until  sulphur  is  entirely  removed.  The  arsenic  sulphide  is  dried 
at  100°  and  weighed.  If  antimony  is  absent  the  treatment  with  ammonium  car- 
bonate is  omitted,  the  precipitate  being  filtered  off  on  a  Gooch  crucible,  washed, 
dried,  and  weighed.  If  luitimony  is  present  it  is  ignited  and  weighed  as  directed 
in  page  1076  under  the  Analysis  of  Type  Metal. 

Iron.  A  few  droits  of  bromine  water  are  added  and  the  solution  is  boiled  to  on- 
dizc  the  iron  and  to  expel  the  hydrogen  sulphide.    The  iron  is  then  precipitated  \fS 
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nnJdng  the  filtrate  alkaline  with  filtered  ammonia  and  warming  for  a  few  minutes. 
It  is  filtered  off  on  a.  small  paper  and  dissolved  by  adding  a  few  drops  of  dilute 
faydiocfaloric  acid.  The  paper  is  washed  with  about  75  cc.  of  water  in  small  por- 
tions. The  iron  is  repreci  pita  ted  and  filtered  on  the  same  paper  after  moistening 
with  a  few  drope  of  ammonia.  After  washing  free  from  chlorides,  the  moist  paper 
ia  transferred  to  the  weighed  platinum  crucible  and  ignited. 

Zinc.  Hydn^en  sulphide  ia  passed  into  the  combined  filtrates  to  precipitate 
any  sine  present,  which  is  filtered  off,  washed,  and  weighed  as  sulphide  after 
ignition  with  sulphur  in  a  stream  of  hydrogen. 

Analysis  of  Rose's  Metal 

AII07  of  Lead,  Bismuth,  and  Tin,  Generally  Containing  Small  Amounts  of 
Copper,  Arsenic,  Antimony,  Iron  and  Zinc 

One  gram  of  the  metal  is  weighed  out  and  decomposed  with  nitric  acid  and  the 
•farr/;  cxUe  is  weired,  according  to  the  procwlure  under  analysis  of  soft 
solder,  page  107S. 

L«id.  To  the  filtrate  from  the  stannic  oxide  containing  the  nitrates  of  lead  and 
Insmuth,  5  ce.  concentrated  sulphuric  acid  are  added.  The  solution  is'  evapo- 
rated in  a  porcelain  dish  until  sutphuric-acid  fumes  are  given  off.  The  dish  may  be 
idaced  on  the  hot  plate,  sand  bath,  or  wire  gauze  and  the  liquid  heated  to  just 
below  the  boiling-point  to  avoid  spattering.  When  the  acid  becomes  concentrated, 
the  heat  may  be  somewhat  increased.  '  The  hot  concentrated  solution  is  diluted 
by  dowly  pouring  it  with  constant  stirring  into  about  100  cc.  of  water  and  digested 
hot  for  about  half  an  hour  with  occasional  stirring.  The  lead  sulphate  is  then 
filtered  off  on  a  Gooch  crucible,  washed  with  10%  sulphuric  acid  until  the  wash- 
water  no  longer  pvea  a  precipitate  on  making  it  alkaline  with  ammonia,  adding 
ammoniuni  carbonate,  and  warming.  The  sulphuric  acid  is  then  washed  out  with 
alcohol.  The  precipitate  is  dried  and  weighed.  It  is  tested  for  a  possible  contam- 
ination with  bismuth  as  follows;  It  is  dissolved  in  5  to  10  cc.  of  warm  concentrated 
hydrochloric  acid  and  50  cc.  of  absolute  alcohol  are  added  to  the  solution.  After 
standing  for  a  few  moments,  the  solution,  containing  the  bismuth  as  chloride,  is 
filtered  off.  By  nearly  neutralizing  with  ammonia,  and  largely  diluting  with  water, 
the  bismuth  is  precipitated  as  oxychloride  and  may  be  washed  with  water  contain- 
ing a  few  drops  of  hydrochloric  acid,  dried,  and  weighed. 

fiismuth.  In  the  filtrate  from  the  lead  sulphate,  the  bismuth  is  precipitated  by 
jvxl  neutralising  vrith  filtered  ammonia,  adding  a  few  drops  of  ammonium  carbonate 
and  vanning  the  solution  gently  for  about  fifteen  minutes.  The  precipitate  is 
filtered  off  and  washed  a  few  times  with  water.  To  free  the  precipitate  from  a  small 
amount  of  basic  sulphate  it  is  dissolved  in  a  small  amount  of  dilute  nitric  acid  and 
reprecipitated.  The  precipitate  is  washed  with  water  containing  a  little  anunonium 
nttrat«  and  dried.  It  is  removed  from  the  paper  as  completely  as  possible  and 
placed  on  a  watch-crystal.  The  paper  is  replaced  in  the  funnel,  moistened  with  a 
few  drops  of  dilute  nitric  acid,  and  washed  with  small  amounts  of  warm  water. 
The  wssh-water  is  evaporated  to  dryness  in  a  fairly  large  weighed  porcelain  cruci- 
ble, and  the  residue  ignited  until  the  nitric  acid  is  completely  expelled.  The  main 
portion  of  the  precipitate  ia  now  added,  heated  with  the  Bunsen  burner  and 
WEighed  as  Bi,0]. 
CoOT^r.    If  copper  is  present  in  the  alloy,  it  will  be  contained  in  the  two 
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filtrat«s  from  the  bismuth  precipitate.  Combine  these  filtrates,  acidifjr  with 
hydrochloric  acid,  and  coDceotrate  to  a  convenient  bulk.  Pass  hydrogea 
sulphide  through  the  warm  solution,  filter,  and  wash  with  water  containiiig  hydro- 
gen Bulphide.  Even  if  copper  is  absent,  a  email  black  precipitate  of  bismuth 
sulphidewillbeobtainedat  tliis  point  bccauBe  of  the  slight  solubility  of  the  bismuth 
hydroxide  or  carboimt*.  The  precipitate  may  be  tested  for  bismuth  by  treating 
with  a  little  dilute  hydrochloric  acid  and  diluting  the  filtrate.  A  white  precipitate 
indicates  bismuth.  The  copper  sulphide,  being  insoluble  in  dilute  hydrochtoho 
acid ,  remains  on  the  paper  and  may  be  ignited  together  with  the  pa.  *r  and  weighed 
as  oxide.  If  argenlc.  antimony,  iron  or  zinc  are  present  they  are  separated 
and  determined  by  the  methods  given  under  pages  1076,  1077  and  1085. 

Analysis  of  Wood's  Metal 

Alloy  of  Lead,  BiBmuth,  Tin,  and  Cadmium,  Generally  Containing  Small 
Amounts  of  Copper,  Arsenic,  Antimony,  Iron  and  Zinc 

One  gram  of  the  metal  is  weighed,  dissolved  in  nitric  acid,  and  the  ataiuUe 
oxide  weighed  and  purified.  The  filtrate  from  the  tin  is  evaporated  to  dryness  ou 
a  water  bath.  The  nitrates  are  converted  into  chlorides  by  evaporating  twice 
on  the  water  bath  to  a  small  bulk  after  the  addition  of  20  cc.  of  concentrated  hydro- 
chloric acid. 

Lead.  After  cooling,  25  cc.  absolute  alcohol  are  added.  The  mixture  is  stirred 
and  after  standing  some  time  the  chloride  of  lead  is  filtered  off  on  a  Goocb  crucible, 
and  washed  with  an  icfMtold  mixture  of  4  parts  of  95%  alcohol  and  1  part  of  con- 
centrated hydrochloric  acid.  It  is  dried  on  the  hot  plate  or  at  ISO"  for  three  houra 
and  weighed. 

Bismuth.  The  filtrate  is  diluted  with  about  one-half  liter  of  water  and  nearly 
neutralized  with  ammonia  (about  40  cc.  of  dilute  ammonia  will  be  required). 
After  standing  twenty-four  hours  the  bismuth  oxychloride  is  filtered  off  on  a  Gooch 
crucible,  washed  with  water  containing  a  few  drops  of  dilute  hydrochloric  add, 
dried  at  1 10°,  and  weighed  as  BiOCl. 

The  bismuth  may  also  be  precipitated  as  bismuth  hydroxide  by  volatiliting 
most  of  the  alcohol,  neutraUzing  with  ammonia  and  n-arming  gently.  If  Iron  ia 
present  this  precipitate  will  be  rcddt-sh.  In  that  case  it  is  best  to  dissolve  it  in 
hydrochloric  acid  and  precipitate  the  bismuth  as  oxychloride.  The  bismutJi 
hydroxide  is  ignited  and  weighed  as  oxide,  Bi,0,. 

Cadmiliro.  The  filtrate  from  the  bismuth  oxychloride  is  evaporated  to  a  bulk 
of  200  or  300  cc.  If  the  bismuth  has  been  precipitated  by  means  of  ammonia, 
the  filtrate  is  first  acidified  with  hydrochloric  acid  and  evaporated  to  a  moderate 
bulk.  The  solution  is  saturated  with  hydrogen  sulphide  and  the  precipitate 
"  filtered  off  and  washed  with  water  containing  hydrogen  sulphide.  If  the  cadmium 
sulphide  is  dark  colored  or  black,  traces  of  lead  or  bif^muth  sulphides  may  be  present 
because  of  incomplete  separations,  or  copper  may  have  been  present  in  the  alloy. 
Any  arsenic  which  may  have  been  in  the  alloy  or  a  trace  of  tin  or  antimony  \ril! 
also  be  present  in  this  precipitate. 

Arsenic,  Antimony,  and  Tin.  It  should  be  tested  for  these  three  elementfi  by 
pouring  over  it  a  few  drops  of  warm  potassium  or  sodium  sulphide  and  washing 
two  or  three  times  with  warm  water,  being  careful  to  stir  up  the  precipitate  with 
the  stream  of  water  from  the  wash-bottle.    A  precipitate  formed  on  acidifying  the 
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fittnte  indicates  tho  presence  of  arsenic,  antimony,  or  tin.  If  the  characteriBtic 
orange  color  of  antimony  is  absent,  the  supernatant  liquid  should  be  decanted  and 
the  precipitate  warmed  with  a  little  coucentated  hydrochloric  acid.  If  it  dissolves 
comidetely,  arsenic  is  absent  and  the  tin  may  be  reprecipitated  by  diluting  and  pass- 
ing hydrogen  milphide.  After  washing,  the  moist  precipitate  with  the  paper  may 
be  burned  and  the  sulphide  of  tin  converted  into  oxide  by  ignition.  If  arsenic  or 
antimony  is  preeent,  it  may  be  determined  as  directed  in  the  Analysis  of  Type 
Metal,  page  1076. 

Sepantimi  Of  Copper  and  Cadmium.  To  dissolve  out  any  copper  which  may 
be  preaenfc  with  the  cadmium  sulphide,  a  few  drops  of  potassium  cyanide  should 
be  poured  over  the  precipitate.  It  should  be  thoroughly  stirred  up  with  water  and 
washed  a  few  times.  If  a  considerable  amount  of  copper  is  present,  the  bulk  of 
the  precifntate  should  be  transferred  to  a  beaker  by  washing  out  the  paper  while 
still  in  the  funnel  with  a  stream  of  water.  The  remainder  of  the  precipitate  on  the 
paper  is  dissolved  by  washing  with  a  little  warm  dilute  nitric  acid.  The  paper  is 
then  thoroughly  washed  with  small  portions  of  hot  wat«r.  The  washings  are 
allowed  to  flow  into  the  beaker  containing  the  main  portion  of  the  precipitate. 
The  beaker  is  warmed  and  more  nitric  acid  is  added  if  necessary  to  dissolve  the 
precipitate.  The  solution  is  neutralized  with  sodium  carbonate  and  a  slight 
excess  of  potassium  cyanide  added.  A  email  white  precipitate  at  this  point  may 
be  lead  or  bismuth  cartmnates,  which  should  be  filtered  oEF  and  determined.  Chi 
passing  hydrogen  sulphide  through  the  filtrate,  the  cadmium  is  precipitated  as 
sulphide  and  may  be  filtered  off  on  a  Gooch  crucible  and  washed  with  water  con- 
taining a  little  hydrogen  Bulphide.  It  is  finally  washed  with  pure  water  and  the 
free  sulphur  extracted  by  washing  with  alcohol  and  then  with  carbon  disulphide. 
The  precipitate  is  dried  at  100°  and  weighed. 

Copper.  The 'filtrate  from  the  cadmium  sulphide  contains  the  copper  and  is 
acidified  *  with  sulphuric  acid  and  a  little  nitric  acid  and  evaporated  to  fumes. 
The  residue  is  dissolved  in  water,  filtered  if  necessary,  and  the  copper  precipitated 
as  sulphide.  If  it  ia  small  in  amount  it  may  be  ignited  and  weighed  as  oxide.  If 
considerable  copper  is  present,  it  must  be  ignited  vnth  sulphur  in  a  stream  of  hydro- 
gen and  wdghed  as  cuprous  sulphide,  Cu,S.  When  much  copper  is  present,  it  is 
better  to  determine  it  dectrolytically. 

Separatioa  of  Iroo  and  Zinc.  The  filtrate  from  the  first  precipitation  with 
hydrogen  sulphide  contains  any  zinc  or  iron  which  may  have  been  present.  These 
metals  may  be  separated  in  the  following  manner: 

The  solution  is  boiled  to  expel  hydrogen  sulphide,  neutralized  with  ammonia, 
and  acidified  with  acetic  and.  Hydrogen  sulphide  is  passed  for  some  time  and  the 
'  Bc^tioa  allowed  to  stand  for  several  hours.  The  clear  liquid  is  carefully  decanted 
throu^  a  filter  paper,  and  after  replacing  the  beaker  containing  the  clear  filtrate 
with  another  beaker,  the  sulphide  of  zinc  is  brought  on  the  paper  and  washed  with 
water  containing  ammonium  acetate  and  acetic  acid.  The  precipitate  is  dissolved 
in  a  little  dilute  nitric  acid  and  the  paper  washed  with  hot  water.  The  solution  of 
the  sine  is  evaporated  to  dryness  in  a  weighed  porcelain  crucible,  ignited  finally 
OTtf  the  blast-lamp  to  decompose  any  zinc  sulphate  which  may  have  been  formed, 
and  irei^ied  as  oxide.  The  filtrate  is  boiled  to  expel  the  hydrogen  sulphide.  A 
tittle  nitric  acid  is  then  added  to  oxidize  the  iron,  which  is  precipitated  with 

'This  Should  be  done  under  a  hood  with  good  draught  to  avoid  any  possibility  oi 
inluliiv  tlw  very  poisonous  hydroi^anic-acid  fumes. 
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ammonia  and  weighed  aa  oxide.  A  very  convenient  method  of  oxidizing  the  iron 
and  removing  tbe  hydrogen  sulphide  is  by  the  use  of  bromine  water.  The  bro- 
mine should  be  added  until  the  solution  is  colored,  indicating  complete  oxidation 
of  the  iron  and  the  presence  of  an  excess  of  bromine.  If  a  solution  of  bromine 
in  concentrated  hydrochloric  acid  is  used  a  few  drope  will  suffice  and  the  solution 
will  not  be  diluted  to  any  extent.  If  manganese  is  to  be  removed  together  with 
iron,  the  presence  of  an  excess  of  bromine  is  advantageous;  otherwise  it  mtist 
be  boiled  out.  As  the  bromine  oxidises  hydrc^n  eulphide  in  the  cold,  the  excess 
of  the  latter  need  not  be  boiled  out. 

Analysis  of  Britannia  Metal 

AUoy  of  Tin,  Antimony,  and  Copper,  with  Small  Amounts  of  Bismuth, 
Lead,  and  Iron 

Decomposition  of  the  Alloy  by  Means  of  Chlorine.  Alloys  containing  a  large 
percentage  of  tin  are  best  decomposed  by  a  stream  of  chlorine.  Tbe  method  is 
applicable  to  alloys  containing  less  than  15%  of  lead  and  copper, 

A  hard-glass  combustiou'tube  70  cm.  long  is  taken  and  one  end  drawn  out, 
making  a  small  tube  20  cm.  long,  which  is  bent  at  right  angles.  This  small  tube 
is  connected  by  means  of  a  cork  stopper  with  a  Peligot  tube  the  bulbs  of  which  are 
nearly  filled  with  dilute  hydrochloric  acid  (1  :  3)  containing  about  1  gram  of  tar- 
tarj^cid.  A  second  Peligot  tube  is  connected  with  the  first  and  contains  a  solu- 
tion of  caustic  soda  (1  : 3).  The  chlorine  is  evolved  in  a  2-liter  flask  containing 
pieces  of  pyrolusite,  over  which  concentrated  hydrochloric  acid  is  poured.  The 
flask  is  heated  on  a  water  bath.  The  chlorine  is  passed  through  a  wash-bottle 
containing  water  and  then  through  two  wash-bottles  containing  sulphuric  acid. 
It  is  then  passed  into  the  combustion-tube,  connection  being  made  by  means  of 
a  cork  stopper.  Wherever  rubber  is  used  for  making  connections,  it  must  be  well 
coated  with  paraffin.  This  is  also  advisable  for  the  cork  stoppers.  The  chlorine 
is  not  allowed  to  pass  into  the  combustion-tube  until  all  of  the  air  has  been  displaced 
from  the  flask  and  the  wash-bottles.  All  eacapii^  chlorine  should  be  absorbed 
in  caustic-soda  solution. 

One  gram  of  the  alloy  in  fine  turnings  is  weighed  out  and  placed  in  a  porcelain 
boat  which  is  placed  in  the  middle  of  the  combustion-tube.  The  chlorine  is  first 
allowed  to  act  on  the  alloy  in  the  cold.  When  no  further  action  is  observed,  the 
part  of  the  tube  in  which  the  boat  is  situated  is  heated  gently  with  the  Bunaen 
burner,  and  then  more  strongly  until  the  contents  of  the  boat  fuse.  The  chla- 
ridea  of  mercury,  bismuth,  araenie,  antimoiqi,  and  tin  oolatlUxe  and  are  driven 
out  of  the  tube  by  heating  it  gently  from  the  boat  to  the  end  which  is  drawn  out. 
These  chlorides  are  absorbed  in  the  hydrochloric  acid  contained  in  the  first  Peligot 
tube,  while  the  excess  of  chlorine  is  absorbed  in  the  caustic-aoda  solution  contained 
in  the  second  Peligot  tube. 

The  chlorine  in  the  apparatus  is  then  displaced  by  means  of  a  stream  of  dry 
air  or  carbon  dioxide,  the  chlorine  generator  having  been  removed.  Tbe  appara- 
tus is  disconnected,  the  boat  contaming  the  cMorideM  of  coipper,  Und,  and  iron  is 
'placed  in  a  porcelain  dish,  and  the  tube  washed  out  with  hot  water  which  is  allowed 
to  flow  into  the  dish  containing  tbe  boat.  Hydrochloric  acid  is  added  and  the  dish 
warmed  until  the  contents  of  the  boat  are  dissolved.  The  latter  ia  removed  and 
washed. 
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Lekd,  Copper,  and  Iron.  The  lead  ia  precipitated  by  evaporation  with  sul- 
phuric acid  and  diluting  and  is  filtered  otS  and  weighed  as  sulphate.  The  copper 
n  {x«cipitated  by  means  of  hydrogen  sulphide  and  weighed  as  sulphide  or  deter- 
mined electrolyticatly  from  a  nitric  acid  solution.  The  iron  is  precipitated  by 
■neana  of  ammonia  and  weighed  as  oxide. 

The  contents  of  the  firet  Peligot  tube  are  poured  into  a  beaker  and  the  Peli- 
got  tube  well  washed  out  with  water  to  which  hydrochloric  acid  is  added  if  neces- 
sary. The  solution  is  warmed  and  hydrogen  sulphide  passed  until  precipitation 
is  complete.  The  filtrate  should  be  heated  to  boiling,  strong  hydrochloric  acid 
added,  and  hydrogen  sulphide  passed  again  to  precipitate  the  aisenic. 

BinDuth.  If  the  sulphide  precipitate  is  dark  colored,  bismuth  is  present. 
The  precipitate  is  washed  into  a  beaker,  ammdnium  sulphide  added,  and  the 
solution  warmed.  The  solution  ia  filtered  through  the  same  paper  and  the  pre- 
cipitate washed  with  warm  water  containing  a  little  ammonium  sulphide.  The 
bismuth  sulphide  is  dissolved  in  a  little  warm  dilute  nitric  acid  and  the  paper 
washed.  The  bismuth  is  precipitated  with  ammonia  and  ammonium  carbonate, 
ignited,  and  weighed  as  oxide,  Bi,Oi. 

Separation  of  Tin  from  Arsenic  and  Antimony.  The  ammonium-sulphide 
BoIutJon  of  arsenic,  antimony,  and  tin  is  poured  with  vigorous  stirring  into  a  hot 
Milution  of  25  grams  of  oxalic  acid  in  200  cc.  of  water.  The  solution  is  heated  to 
boiling  and  hydrogen  sulphide  passed  for  about  fifteen  minutes.  The  precipitate 
is  filtered  off  immcilialely  and  washed  with  hot  water  containing  hydrogen  sul- 
phide. It  is  dissolved  in  ammonium  sulphide  and  the  treatment  with  hot  oxalic 
acid  and  hydrogen  sulphide  repeated. 

Tin.  The  oxalic-acid  solution  of  tin  is  evaporated  down,  with  the  addition  of 
5  cc.  concentrated  sulphuric  acid,  to  fumes.  The  solution  is  cooled,  cautiously 
diluted  with  water,  and  hydrogen  sulphide  passed  to  insure  complete  precipita- 
tion of  the  tin.  Wash  the  precipitate  with  water  containing  ammonium  acetate 
and  a  little  acetic  acid,  dry,  ignite,  and  weigh  as  stannic  oxide,  SnO|. 

Aisenic  and  Antimony.  The  precipitate  of  arsenic  and  antimony  sulphides 
is  treated  with  a  little  concentrated  ammonium-carbonate  solution  and  washed 
to  remove  arsenic.  The  antimony  is  then  weighed  as  oxide  according  to  the  direc- 
tions given  under  the  Analysis  of  Type  Metal,  page  1076.  The  arsenic  is  deter- 
mined according  to  the  directions  given  in  the  same  section. 

Analysis  of  Brass  or  Bronze 

AII07  of  Lead,   Copper,  Tin,  and  Zinc,  widi  Small  Amounts  Of  Arseuic, 
Jbitlmony,  Cadmium,  and  Iron. 


B  of  the  Alloy.  Weigh  out  I  gram  of  the  alloy  and  place  in  a  SOCMx. 
beaker,  add  10  cc.  concentrated  nitric  acid  and  5  cc.  water,.  Cover  the  beaker 
with  a  watch-crystal  and  place  in  a  dish  of  cold  water.  After  one-half  hour  place 
the  beaker  on  ibs  water  bath  and  evaporate  the  solution  to  dryness.  One  hun- 
dred cc.  of  boiling  water  and  a  few  drops  of  nitric  acid  are  added  and  the  solution 
bmled  for  five  minutes. 

Tin.  The  stannic  oxide  is  filtered  off  and  washed  with  hot  water.  The  moist 
precipitate  is  introduced  into  a  weighed  porcelain  crucible  and  the  paper  burned 
in  the  usual  manner.  If  the  amount  of  tin  is  small  (less  than  1%)  it  is  weighed 
at  this  point,  otherwise  it  is  fused  with  six  times  its  weight  of  a  mixture  of  equal 
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parte  of  sulphur  and  sodium  carbonate.  The  fused  inasa  is  dissolved  ia  hot  wat^ 
and  the  solution  filtered.  The  copper,  lead,  and  iron  which  were  carried  down  with 
the  stannic  oxide  will  remain  on  the  paper  as  sulphides,  while  the  filtrate  will  con- 
tain all  of  the  tin  and  any  anenie  or  antimoriB  which  may  have  been  present.  The 
insoluble  sulphides  are  dissolved  in  a  little  nitric  acid,  the  paper  waJshed,  and  the 
solution  added  t«  the  filtrate  from  the  stannic  oxide. 

If  arsenic  and  antimony  are  absent,  the  tin  may  be  precipitated  out  tit-  the 
sodium  sulphide  solution  and  #eighed.  The  excess  of  sulphur  should  first  be  re- 
moved from  the  solution  by  heating  to  boiling  after  the  addition  of  caustio  soda 
and  then  adding  hydrogen  peroxide  in  small  quantities  until  the  solution  is  neariy 
decolorized.  It  ia  then  acidified  with  hydrochloric  acid  while  stirring  constantly, 
heated,  and  hydrogen  sulphide  passed.  The  stannic  sulphide  is  washed  with  hot 
water  containing  ammonium  acetate  and  a  little  acetic  actd.  It  is  ignited  and 
weighed  as  stannic  oxide  in  the  usual  manner. 

Arsenic  and  Antimony.  If  arsenic  is  present  in  the  alloy,  a  small  amount  of 
this  element  will  be  present  in  the  sodium  sulphide  solution  of  the  tin  and  will 
be  precipitated  with  the  stannic  sulphide.  It  may  be  removed  by  treating  th; 
predfatate  with  a  little  concentrated  solution  of  ammonium  carbonate  and  wash- 
ing. The  solution  of  aisenic  should  be  added  to  the  nitric  acid  solution  of  the 
alloy. 

If  antimony  is  also  present  in  the  alloy,  the  sulphides  of  arsenic,  antimony, 
and  tin  must  be  separated  by  one  of  the  methods  given  under  Analysis  of  Type 
Metal,  page  1076. 

Distillation  Method  for  Determination  of  Arsenic  In  Brass.  If  arsmic  i& 
present  in  amounts  less  than  0.10  per  cent,  100  gram  sample  is  taken  and  dis- 
solved in  400  cc.  HNOi  (ap.  gr.  1.42).  The  fumes  are  expelled  by  boiling  and 
the  solution  diluted  with  water  to  500  oc.  NH.OH  is  added  until  a  slight  pre- 
cipitate of  copper  hydroxide  forms;  about  5  grama  of  Fe)(SO,)i  and  just  enough 
NH4OH  to  cause  precipitation  are  added,  the  solution  diluted  to  1000  cc  and 
boiled.  Then  again  diluted  and  the  precipitate  allowed  to  settle  several  hours. 
The  dear  solution  is  decanted  off  and  the  Fe(OII)i  containing  all  the  arsenic  and 
antimony  is  washed,  dissolved  in  hot  HCI,  about  2  cc.  of  hypo  phosphorous  acid 
added  and  the  arsenic  distilled  according  to  the  procedure  described  on  page  34, 
omitting  the  addition  of  CutCli.  Arsenic  may  now  be  determined  in  the  distillate 
eitlier  as  AsiS)  or  by  titration  with  iodine  (see  pages  36  and  39). 

If  antimony  is  desired  in  the  analysis  it  may  be  obtained  in  the  residue  re 
maining  in  the  flask  (see  page  23). 

Mr.  Price  recommends  treating  the  sulphides  with  CSi  to  remove  any  fre^ 
sulphur  that  may  be  present.     ("  Technical  Analysis  of  Brass,"  pages  225-227.) 

If  arsenic  is  present  in  amounts  over  0.10  per  cent,  5  grams  of  the  alloy  an 
dissolved  in  20  cc.  HNO.  (sp.  gr.  1.42)  and  then  evaporated  with  IS  oc  H^. 
(sp.  gr.  1.34)  to  fumes.  Concentrated  HCI  may  now  be  added,  together  with 
3  cc.  30%  hypophosphorous  acid  and  the  anenio  distilled  and  detennhied  as 
outlined  above. 
■  Lead.  To  filtrate  from  the  stannic  oxide,  5  cc.  concentrated  sulphuric  acid 
are  added  and  the  solution  evaporated  in  a  porcelain  dish  until  the  nitric  acid  is 
entirely  expelled  and  white  fumes  of  sulphuric  acid  are  given  off.  The  solution 
is  cooled  by  floating  the  dish  on  cold  water  and  diluted  with  75  cc.  of  wat^. 
Lead  is  now  determined  as  PbSOt.     See  page  274. 
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DeteimiiMtioo  of  Cadmium  in  Brass.  Ten  grams  of  drillinge  are  dissolved 
in  HNOi  (sp.gr.  1.42),  50  cc.  HiSO*  (sp-gr.  1.84)  added  and  the  mixture  evapor- 
ated to  fames.  The  cooled  mixture  is  diluted  to  200  cc.  with  water  and  boiled. 
Tlie  i»-eei[nt&te  is  allowed  to  settle  (several  hours)  and  filtered  ufT.  The  solution 
containing  the  cadmium  ia  treated,  boiling  hot,  with  H^  for  thirty  minutes,  the 
prestiHtated  sulphides  filtered  oS  and  washed  with  hot  water.  The  precipitate 
is  dissolved  m  400  cc.  of  10  per  cent  H^O.. 

After  boiling,  the  hot  solution  is  filtered,  cooled  and  treated  with  H,S  for  t^i 
minutes.  NH(OH  is  added  cautiously  until  ZnS  begms  to  precipitate.  The 
solution  is  again  treated  with  H,S  for  about  five  minutes,  whereupon  CdS  is 
completdy  [vecipitated.  The  sulphide  is  purified  by  redissolving  m  100  cc.  of 
10  pn  cant  H^Oi,  applying  heat.  The  solution  is  filtered,  diluted  to  300  cc. 
and  again  treated  with  H^.  Ammonia  is  added  drop  by  drop  until  Ihe  cadmium 
sulphide  is  completely  precipitated.  The  treatment  is  repeated  to  remove  traces 
of  imparities  and  the  CdS  then  weighed  in  a  tared  Gooch  crucible  after  drying 
for  two  hours  at  110"  C. 

Weight  CdS  X0.778 -weight  of  cadmium. 

Note  .^Details  of  the  procedure  for  det«nniniDK  minute  amounts  of  cadmium  (less 
than  0.01  per  cent)  may  be  found  in  IVice  and  Mead,  '*  Technical  Analysis  of  Brass," 
2d  Ed.,  page  232,  John  Wiley  ft  Sons,  PubUshers. 

The  copper  is  best  determined  electrolytically.  The  filtrate  from  the  lead 
sulphate  is  heated  on  the  hot  plate  until  most  of  the  alcohol  ia  expelled.  Two  cc. 
concentrated  nitric  acid  are  added  and  the  warm  solution  (about  60°)  electrolyzed 
with  a  current  of  )  to  1  ampere  for  about  six  hours.  If  a  gauze  electrode  is  used 
or  one  of  the  electrodes  is  rotated  the  time  required  is  very  much  reduced. 

Hydrogen  sulfide  is  passed  through  the  acid  filtrate  from  the  copper  to  pre- 
c][ntate  traces  of  anenic,  antimony,  or  unaeparated  tin  which  may  be  present. 
If  more  than  traces  are  found,  the  metals  must  be  separated  and  determined  by 
the  methods  given  in  the  pr^eding  methods.  When  the  amount  of  copper  is 
large,  as  is  generally  the  case,  it  is  advisable  to  divide  the  solution  into  two  por- 
tions for  the  electrolysis,  as  about  300  milligrams  of  copper  is  generally  auffideot 
for  a  good  determination.  The  solution  may  be  divided  by  weighing  it  and  then 
pouring  out  about  half  of  it  and  again  weighing  or  the  solution  may  be  diluted 
to  a  known  volume  aa  250  or  500  cc.  and  a  portion  measured  out.  The  copper 
may  be  determined  in  each  portion  and  the  filtrates  combined  for  the  sine  deter- 
mination.  For  the  duphcate  zinc  determination  the  copper  may  be  precipitated 
as  sulphide,  which  is  filtered  off,  well  washed,  and  discarded. 

Iron.  The  filtrate  from  the  copper  is  boiled  to  expel  hydrogen  sulphide  and 
a  little  nitric  add  added  to  oxidize  the  iron,  which  is  precipitated  with  ammonia 
and  wnghed  as  oxide.  If  more  than  a  small  amount  of  iron  is  present,  the  pre- 
ciiMtate  must  be  redissolved  and  reprecipitated  to  separate  it  completely  from 
the  line. 

Zinc.'  The  filtrate  from  the  iron  is  evaporated  to  small  bulk  and  the  zjnc 
precipitated  and  weighed  as  pyrophosphate.  The  zinc  may  also  be  precipitated 
and  weighed  as  sulphide. 
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Analysis  of  Qerman  Silver 
AII07  of  Copper,  Zlac,  and  Nickel,  with  Small  Amounts  of  L««d,  Iron,  and  Tin 

One  pam  of  the  alloy  is  weighed  out  and  dissolved  in  nitric  acid  as  directed 
in  the  preceding  exercise.  The  tin,  lead,  and  copper  are  detennined  as  directed 
in  the  same  exercise. 

Hydrogen  sulphide  is  ptused  through  the  acid  filtrate  from  the  copper  to  pre- 
cipitate traces  of  orgenlc,  anttmoit,  tin.  or  unaeparated  copper  which  may  be  pres- 
ent. If  more  than  traces  are  found,  the  metals  must  be  separated  and  detennined 
by  the  methods  given  under  Analysis  of  Type  Metal,  page  lOTff. 

Zinc'  The  filtrate  is  boiled  until  the  hydrogen  sulphide  is  expelled  and  ttie 
Boluti(»i  concentrated  to  a  small  bulk  and  the  acid  nearly  neutralized  with  caustio 
soda.  lilve  to  10  grams  of  caustic  soda  are  dissolved  in  about  50  cc.  of  water  and 
the  solution  of  zinc  and  nickel  added  slowly  with  constant  stirring.  The  solu- 
tion is  diluted  with  an  equal  bulk  of  water  and  the  precipitate  filtered  oS  and 
washed.  The  sine  in  the  filtrate  is  precipitated  with  hydrogen  sulphide,  filtered 
off,  and  washed  free  from  alkali.  The  dnc  sulphide  is  dried  and  detached  from  the 
paper  as  completely  as  possible. 

The  portion  still  adhering  to  the  paper  is  dissolved  in  nitric  acid  and  the  solu- 
tion evaporated  to  dryness  in  a  porccl^  cnidble.  The  remainder  of  the  precip- 
itate is  added  and  the  whole  ignited  with  sulphur  in  a  stream  of  hydrogen.  If 
the  precipitate  is  small  it  need  not  be  dried,  but  is  immediately  dissolved  in  nitric 
acid  and  after  evaporation  converted  into  sulphide.  The  sulphide  is  tested  for 
alkali  by  digestion  with  hot  water.  If  alkali  is  found,  it  must  be  completely  ex- 
tnTcted  and  the  sulphide  again  weighed  after  ignition  with  sulphur  in  hydrogen. 
The  precitntate  is  then  dissolved  in  nitric  acid  and  the  solution  evaporated  to  dry- 
ness. The  line  nitrate  is  dissolved  in  water  and  the  silica  filtered  off,  washed, 
ignited,  and  weighed.  The  zinc  sulphide  may  also  be  dissolved  in  bydrochlorie 
acid,  the  zinc  precipitated  as  sine  ammonium  phosphate  and  weighted  as  pyro- 
phosphate. 

Iron  and  KickeL  If  iron  is  absent,  the  nickel  hydroxide  may  be  washed  and 
after  transferring  the  precipitate  to  a  weighed  porcelain  crucible  and  burning  the 
paper  it  may  be  reduced  to  metallic  nickel  by  heating  in  a  stream  of  hydrogoi 
and  weighed.  If  iron  is  present,  the  precipitate  is  dissolved  in  hydrochlorio  add 
and  the  iron  precipitated  with  ammonia.  Unless  a  very  small  amount  is  inveent 
it  must  be  redissolved  and  reprecipitated,  and,  after  waslung,  is  ignited  and  weighed 
as  oxide.  The  nickel  is  then  reprecipitated  as  hydroxide  by  means  of  an  exoen 
of  caustic  soda,  reduced  in  a  stream  of  hydrogen  and  weighed  as  the  metaL 

'  In  modem  practice  line  is  preferalily  determined  by  weiihing  asoxidcorbytitrat 
ing  with  fcrro-cyanide  according  to  procedures  given  in  the  cHaptcr  on  Zinc. 

Note  by  the  Editor. 
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Analysis  of  Manganese-Phosphorus-Bronze 

AHot  of  Copper,  Lead,  Tin,  Zinc,  Manganese,  Phosphonia  (less  than  1%), 
Traces  of  Iron 

Solatfon.  One  gram  of  the  alloy  is  weighed  out  and  dissolved  in  nitric  acid. 
Nearly  all  of  the  phosphorus  remains  with  the  stannic  oxide  as  a  phosphate.  After 
fusing  the  impure  precipitate  and  separating  the  impurities,  and  precipitaling  the 
tin  as  sulphide,  the  solution  containing  only  the  phosphorus  as  phosphoric  acid 
is  discarded,  as  this  element  is  determined  in  a  separate  portion  of  the  alloy. 

Lead,  Copper,  and  Zinc  are  determined  as  given  under  Analysis  of  Brass  and 
Bronie,  page  668.  The  phosphoric  acid  which  did  not  remain  with  the  stannic 
oxide  will  be  present  in  the  alkaline  solution  of  the  zinc.  This  element  should 
therefore  be  precipitated  and  weighed  as  pyrophosphate. 

Iroo.  In  order  to  separate  man^nese  and  iron  from  zinc,  bromine  or  hydro- 
gen poozide  is  added  to  the  filtrate  from  the  copper.  The  solution  is  boiled  and 
excess  of  ammonium  added  to  rcdissolve  any  zinc  phosphate  which  may  be  pre- 
ctintated.  The  precipitate  consisting  of  ferric  hydroxide  and  manganese  dioxide 
is  filtered  off  and  washed.  It  is  dissolved  in  a  little  hydrochloric  acid  and  the 
paper  well  washed.  The  solution  is  boiled  until  the  chlorine  is  completely  expelled, 
then  neutraliied  with  ammonia,  warmed,  and  the  trace  of  iron  filtered  off  imme- 
diately. Unless  the  precipitate  is  very  small  it  is  redissolved  in  hydrochloric 
acid  and  again  precifntated  with  ammonia  and  quickly  filtered  off  and  washed. 
It  is  ignited  and  weired  as  oxide. 

BflangtneBe.  The  combined  filtrates  from  the  iron  contain  all  of  the  man- 
ganese unless  the  amount  of  iron  present  is  considerable.  The  solution  should  be 
evaporated  to  dryness  in  a  porcelain  dish  and  the  ammonium  chloride  volatilised 
by  gently  beating  with  the  Bunsen  burner.  The  residue  is  dissolved  in  a  few  cc. 
of  water  and  a  few  drops  of  hydrochloric  acid  and  the  manganese  precipitated 
and  wdghed  as  sulphide. 

Vohnnetric  Cetennination  of  Iron  and  Manganese.  If  considerable  iron  is 
I^Geent,  the  method  of  separation  given  is  not  applicable.  In  this  case  the  sim- 
plest methods  of  determining  the  two  metala  are  volumetric.  The  ammonium 
precipitate  should  be  dissolved  in  suli^uric  acid  with  the  addition  of  a  little 
hydrogen  peroxide,  the  excess  of  which  may  be  expelled  by  boiling.  The  solu- 
tion must  be  made  up  to  a  definite  volume  and  divided  into  two  equal  portions. 
For  Uiis  purpose  a  lOO-cc.  flask  should  be  used  which  has  been  calibrated  with  a 
SO-cc.  inpette  by  emptying  the  pipette  twice  into  the  dry  flask  and  making  a  mark 
00  the  stem.  The  solution  of  iron  and  manganese  is  evaporated  to  small  bulk, 
transferred  to  the  flask,  made  up  to  the  mark  and  thoroughly  mixed.  I'^ifty  cc. 
are  withdrawn  with  the  dry  pipette.  The  solution  adhering  to  the  walls  of  the 
ppette  is  rinsed  out  with  distilled  water  and  added  to  the  portion  remaining  in 
the  flask.  One  of  these  portions  is  reduced  with  zinc  and  the  iron  titrated  with 
standard  pennanganate.  (See  p.  253.)  The  other  portion  is  shaken  up  with 
line  oxide  until  the  free  acid  is  neutralized.  One  gram  of  zinc  sulphate  and  a 
drop  or  two  of  dilute  nitric  acid  are  added  and  the  solution  diluted  to  several  hun- 
dred cubic  centimeters.  The  manganese  is  titrated  with  standard  potassium 
permanganate  according  to  Volhard.     (See  page  304.) 

Phosphorus.  For  the  determination  of  phosphorus  a  5-gram  portion  of  the 
■lloy  is  taken,  as  the  percentage  of  this  element  is  usually  small  (seldom  more  than 
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0.2%).  The  material  ia  placed  in  a  200-cc.  beaker  and  20  to  30  cc.  concentrated 
nitric  acid  added.  The  beaker  is  covered  with  a  watch-crystal  and  after  the  first 
violent  action  of  the  acid  has  ceased  it  is  placed  on  the  water  bath  and  heated  until 
the  alloy  ia  completely  decompoeed  and  the  residue  ia  pure  white.  All  of  the  pboe- 
phoric  acid  will  remain  with  the  tin  provided  a  sufficient  amount  of  the  latter  is 
present  in  the  alloy.  From  six  to  eight  times  as  much  tin  as  PgO,  must  be  present. 
Unless  at  least  6%  of  tin  has  been  found,  a  preliminary  test  should  be  made  by 
dissolving  about  a  gram  of  the  alloy  in  concentrated  nitric  acid,  filtering,  and  test- 
ing the  filtrate  for  phosphoric  acid  with  molybdate  mixture.  If  phosphoric  acid 
is  found  in  the  filtrate,  metallic  tin  must  be  added  before  dissolving  the  alloy  in 
nitric  acid.     From  }  to  1  gram  will  usually  be  found  sufficient. 

The  nitric  acid  eolutioa  of  the  alloy  is  diluted  and  the  stannic  oxide  containing 
the  phosphoric  acid  is  filtered  otT  and  washed  a  few  times.  _  After  drying,  the  pre- 
cipitate is  transferred  to  a  porcelain  crucible,  the  paper  is  burned,  and  the  ash 
added.  After  adding  three  times  its  weight  of  potassium  cyanide,  cover  the  cru- 
cible and  fuse  for  a  few  minutes  at  a  red  heat.  The.stannic  oxide  is  reduced  to 
metallic  tin  and  the  phosphoric  acid  forms  potassium  phosphate.  After  cooling, 
extract  the  fused  mass  with  hot  water,  filter,  and  wash  the  paper  with  hot  water. 

Expel  the  hydrocyanic  and  cyanic  acids  by  boiling  with  concentrated  hydro- 
chloric acid.  This  operation  must  be  conducted  under  a  hood  with  good  draught. 
Evaporate  to  dryness  to  dehydrate  the  silicic  acid  which  has  been  dissolved  from 
the  porcelain  by  the  action  of  the  potassium  cyanide.  Dissolve  the  dry  residue 
in  a  little  hydrochloric  acid  and  pass  hydrogen  sulphide  to  precipitate  a  small 
amount  of  tin  and  copper  which  ia  present.  Filter,  wash  the  precipitate,  and 
destroy  the  hydrogen  sulphide  in  the  filtrate  by  adding  bromine  water  and  boiling. 
If  the  volume  of  the  solution  exceeds  50cc.,  concentrate  by  boiling.  Cool  and  pre- 
cipitate the  phosphoric  acid  by  adding  about  J  gram  of  crystalliEed  magnesium 
chloride  or  sulphate  dissolved  in  a  little  water  and  then  neutralizing  the  solution 
with  filtered  ammonia  while  stirring  vigorously.  .Add  a  small  excess  of  ammonia. 
-  Assure  yourself  that  the  phosphoric  acid  is  all  precipitated  by  adding  a  httle 
magnesia  mixture  to  ithe  clear  supernatant  liquid.  After  standing  several  hours, 
filter,  wash  with  dilute  ammonia,  ignite  in  a  porcelain  crucible,  and  weigh  as 
magnesium  pyrophosphate. 

The  precipitation  of  the  metals  present  with  hydrogen  sulphide  may  be  omitted 
and  the  separation  effected  by  precipitating  the  phosphoric  acid  aa  molybdate- 
The  dry  residue  should  then  be  dissolved  in  nitric  acid,  and  after  filtering  off  the 
lilica,  the  phosphoric  add  is  precipitated  as  directed  in  the  chapter  on  PbosphoniB. 
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Analysis  of  Manganese  bronze 

Standard  Method,  A.  S.T.  M. 

Ganeral  Condderatioas.  Methods  are  given  for  the  determination  of  lead, 
nsing  a  lai^  sample  when  lead  is  present  up  to  about  0.2  per  cent.  A  method 
is  also  given  for  the  electrolytic  determination  of  lead  and  copper  in  the  same 
email  sample  when  lead  is  present  in  amounts  over  0.2  per  cent. 

Id  tlus  alloy  zinc  is  taken  by  difference. 

All<9  tA  Copper,  Lead,  Tin,  Iron,  Manganese  and  Zinc 
Detennlaation  of  Copper  b;  the  Electndytic  Method 

Appuvtns  for  Electrolysis.  EUctrodea:  The  electrodes  recommended  are  of 
the  stationary  and  not  of  the  rotating  type,  as  the  stationary  require  less 
operator's  time  and  there  is  less  chance  for  erroneous  results  to  be  Obtained 
than  with  the  other  kind.  Rapid  and  accurate  results  are  obtained  with 
stationary  electrodes  made  from  platinum  gauze. 

Cathodes:  Platinum  cathodes  may  be  formed  either  from  plain  or  perforated 
sheets,  or  from  wire  gauze,  and  may  be  either  open  or  cloied  cylinders.  They 
should  give  a  depositing  surface,  counting  both  sides,  of  approximately  100 
sq.  cm.  Gauie  cathodes  are  recommended,  and  are  best  made  from  gauze 
I  containing  approximately  400  meshes  per  sq.  cm.  (45  meshes  per  linear  inch). 
The  cathode  should  be  stiffened  by  doubling  the  gause  for  about  3  mm.  at  the 
lop  and  at  the  bottom  of  the  cylinder.  The  cylinder  should  be  approximately 
30  mm.  in  diameter  and  30  mm.  in  height.  The  stem  should  be  made  from 
I.U  mm.  or  1.29  mm.  wire,  flattened  and  welded  the  entire  width  of  the  gauze; 
the  height  over  all  should  be  approximately  135  mm.,  and  the  gauze  should 
be  sand  blasted. 

Anodea:  Platinum  anodes  may  be  of  the  spiral  type  when  used  in  the 
determination  of  copper  by  electrolysis,  or  in  the  electrolytic  determination  of 
lead  when  it  is  present  in  amounts  not  over  0.2  per  cent.  When  used  in 
electrolytic  determination  of  copper  and  lead  together  in  samples  containing 
0.2  per  cent  lead  or  over,  the  anodes  should  be  of  wire  gauze.  Spiral  anodes 
should  be  made  from  1.02  mm.  or  1.14  mm.  wire  formed  into  a  spiral  of  7  turns 
having  a  height  of  approximately  51  mm.  and  a  diameter  of  16  mm.,  the  length 
over  all  being  approximately  145  mm.  Platinum  gauze  used  in  making  anodes 
nhould  contain  approximately  400  meshes  per  sq.  cm.  (45  meshes  per  linear 
inch).  The  gauze  should  be  formed  into  closed  cylinders  approximately 
12  mm.  in  diameter  and  30  mm.  in  height.  The  cylinders  should  be  stiffened 
by  doubling  the  gauze  for  about  3  mm.  at  the  top  and  at  the  bottom.  The 
stem  should  be  made  from  1.02  mm.  or  1.29  mm.  wire,  flattened  and  welded  the 
entire  width  of  the  gauze;  the  height  over  all  should  be  approximately  135  mm., 
sad  the  gauze  should  be  sand  blasted. 
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Method.  Id  a  150  cc.  beaker  dissolve  1  g.  of  brotiEe  in  10  cc.  of  HNOi, 
sp.  gr.  1.42.  When  the  action  has  ceased,  evaporate  the  solution  to  dryness, 
and  bake  thoroughly  on  the  edge  of  a  hot  plate.  Moisten  thoroughly  with 
HNOi,  sp.  gr.  1.42,  and  after  digesting  for  a  short  time  dilute  to  SO  cc.  with 
distilled  water,  heat  to  boiling,  and  allow  to  stand  and  settle  for  about  one 
hour,  keeping  the  temperature  just  below  the  boiling  point.  Filter  on  double 
7  cm.  papers,  keeping  the  solution  hot,  and  receive  the  filtrate  in  a  200  cc. 
electrolysis  beaker.  Wash  with  boiling  hot  water.  Add  to  the  filtrate  5  cc.  of 
H1SO4,  sp.  gr.  1.84,  and  evaporate  until  copious  fumes  of  H^Oi  are  evolved. 
Dilute  to  about  100  cc.  with  distilled  water,  add  1.5  cc.  of  HNOi  sp.  gr.  1.42 
insert  electrodes,  cover  with  a  pair  of  split  watch-glasses  and  electrotyze. 
For  each  solution  use  a  current  over  niglit  of  0.5  ampere  at  approximately 
10  volts,  or  else  use  a  current  of  4  amperes  at  approximately  10  volts  continued 
for  abaut  2j  hours.  The  latter  case  requires  the  use  of  gauze  cathodes.  When 
the  solution  is  colorless,  wash  down  cover  glasses,  electrodes,  and  sides  of  beaker, 
raising  the  level  of  the  liquid  slightly  and  continue  the  electrolysis  about  15 
minutes,  noting  whether  or  not  copper  is  deposited  on  the  newly  exposed 
surface  of  the  platinum.  If  no  copper  appears,  transfer  about  1  cc.  of  the 
colorless  solution  to  the  cavity  of  a  porcelain  test  plate,  and  add  a  few  drops  of 
fresh  HiS  water.  If  the  slightest  discoloration  occurs  continue  the  electrolysis, 
repeating  the  test.  Remove  the  cathode  quickly,  rinse  it  in  distilled  water 
and  then  dip  it  in  two  successive  baths  of  alcohol.  Shake  oft  the  excess  alcohol 
and  ignite  the  remainder  by  bringing  it  to  the  flame  of  an  alcohol  lamp.  Keep 
the  cathode  moving  continually  as  the  alcohol  burns.  Weigh  as  metallic 
copper. 

Accuracy:  Duplicate  determinations  should  check  within  0.10  per  cent  of 
copper. 

Notes.  In  alloys  of  the  type  of  manganese  bronze,  which  carry  considerable  iron, 
it  b  impoBsible  to  remove  the  tin  quantitatively  as  metaslannic  acid  (H^nOi),  not- 
withstanding the  preliminary  baking.  Upon  testing  (by  the  addition  of  Ht8  water), 
the  liquid  in  the  pits  of  the  teat  plate  may  be  colored  yellow,  due  to  the  tin  present, 
but  there  should  be  no  darkening  due  to  the  presence  of  copper.  If  the  cathode  appeare 
dark,  as  though  tin  had  been  depoaitral  on  it,  dissolve  the  coating  in  10  cc.  of  UNO) 
sp.  gr.  1.42,  mter  off  the  tin  as  before,  add  to  the  filtrate  5  cc.  of  HiSOi  sp.  gr.  l.M. 
and  redcposit  copper  by  electrolysis.  It  is  rarely  necessary  thus  to  purify  the  depoeitecl 
copper. 

If  zinc  is  to  be  determined  in  the  alloy  be  careful  to  keep  the  solution  quantitative 
when  the  electrodes  are  removed,  catching  all  washings  in  the  beaker  containing  the 
electrolyte. 
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Detftrminatioii  of  Lead  by  the  Electrolytic  Method 
(For  Samplfls  Coataining  up  to  0.2  Per  Cent  of  Lead) 

Method.  In  a.  250  cc.  beaker  dissolve  5  g.  of  bronze  in  25  cc.  of  HNO], 
Bp-gr.  1.42.  Allow  the  solution  to  bake  dry  on  the  edge  of  a  hot  plate  or  by 
standing  over  night  on  the  steam  bath.  Add  17  cc.  of  HNOj,  sp.gr.  1.42,  and 
after  digesting  for  a  short  time,  add  85  cc.  of  hot  water  and  heat  to  boiling  for  a 
few  minutes.  Allow  the  solution  to 'stand  for  several  hours  at  a  temperature 
just  below  the  boiling  point.  Filter  ofT  the  precipitated  HjSnOi  on  double 
dosdy  woven  filter  papers,  being  careful  to  keep  the  solution  hot  throughout 
the  pro<»ss  of  filtration.  Wash  with  boiling  hot  water.  Receive  the  combined 
filtrate  and  washings  in  a  250  cc.  beaker.  Dilute  to  about  150  cc,  with  distilled 
water  and  insert  electrodes.  Id  the  positive  terminal  use  a  sand-blasted  plat- 
inum gause  electrode  such  as  is  used  for  the  cathode  in  the  determination  of 
copper;  in  the  negative  terminal  insert  an  electrode  such  as  is  used  for  the 
anode  in  the  determination  of  copper.  Cover  with  a  pair  of  split  watch  glasses 
and  electrolyse.  For  each  solution  use  a  current  of  1.25  to  1.5  amperes  at 
10  volts  continued  for  about  one  hour.  Wash  down  the  cover  glasses,  elec- 
trodes and  sides  of  beaker,  raising  the  level  of  the  liquid  slightly,  and  continue 
the  electroIysiK  for  15  minutes.  If  no  darkening  of  the  newly  exposed  surface 
of  the  platinum  can  be  detected  the  lead  has  been  entirely  deposited.  Con- 
tinue the  electrolysis  until  no  darkening  of  the  platinum  can  be  detected  when 
the  current  has  been  passed  for  15  minutes  after  the  level  of  the  hquid  has 
been  raised. 

Interrupt  the  current  once  or  twice  for  a  few  seconds  during  the  course  of 
the  electrolysis  in  order  to  dissolve  any  metallic  lead  which  may  have  been 
deposited  on  the  n^ative  terminal.  When  the  lead  has  been  entirely  deposited, 
remove  the  anode  quickly,  rinse  it  in  distilled  water  and  then  in  alcohol,  and 
dry  it  at  210°  C.  for  one-half  hour.  Weigh  as  FbOt,  using  the  factor  for  lead 
0.8643  instead  of  the  theoretical  value. 

Accuracy.-  Duplicate  determinations  should  check  within  0.01  per  cent  of 
lead.  Results  obtained  by  this  method  are  likely  to  be  about  0.01  per  cent 
too  high.  For  exceptionally  accurate  or  investigation  work  rcdissolve  the 
coating  from  the  electrode  and  determine  the  lead  as  sulfate.  See  the  "  Deter- 
mination of  Lead  as  Sulfate." 

NoTKS.  It  IB  impoasibie  to  remove  the  tin  quanlitativcly  as  H^nOi  in  the  rase 
oT  alloys  containing  over  0.25  per  cent  of  iron,  and  trocex  of  tin  arc  sometimes  found  in 
the  Vio,  deposit.  Small  amounts  of  manganese  also  are  orcoaionally  deposited  with 
ihe  PbOi.  Tin  and  manganese  are  rarely  present  in  the  PbOi  in  amounts  which 
Draaeitate  a  purification  (rf  the  deposit. 
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Deteimliuttioii  of  Lead  as  Sulfate  \ 

(For  Sai^les  Containing  up  to  0^  Per  Cent  of  Lead)  (Optional) 

Solutiona  Required.  Lead  Add:  Mix  300  cc.  of  H,SO(,  sp.gr.  1.84,  and 
1800  cc.  of  distilled  water.  Dissolve  1  g.  of  lead  acetate,  c.p.,  in  300  cc.  of 
distilled  water  and  add  this  to  the  hot  Boliition,  stirring  meanwhile.  Let  stand 
at  least  24  hours  and  syphon  through  a  thick  asbestos  filter. 

Diltde  Alcohol  /or  Waahing:  Mix  equal  parts  of  denatured  alcohol  and 
distilled  water. 

Method.  In  a  250  cc.  beaker  dissolve  5  g.  of  bronze  in  25  oo.  of  HNOi, 
sp.gr.  1.42.  Allow  the  solution  to  bake  dry  on  the  edge  of  a  hot  plate,  or  by 
standing  over  night  on  the  steam  bath.  Add  17  cc.  of  HNOi,  sp.gr.  1.42,  and 
after  digesting  for  a.  short  time,  add  85  cc.  of  hot  water  and  heat  to  boiliiq[ 
for  a  few  minutes.  Allow  the  solution  to  stand  for  several  hours  at  a  tempera- 
ture just  below  the  boiling  point.  Filter  oS  the  precipitated  HjSnOi  on  double 
closely  woven  filter  papers,  being  careful  to  keep  the  solution  hot  throughout 
the  process  of  filtration.  Wash  with  boiling  hot  water.  To  the  combined 
filtrate  and  washings  add  120  cc.  of  lead  acid,  and  evaporate  until  cojiious 
fumes  of  H]S04  are  evolved.  Cool,  add  105  cc.  of  distilled  water  to  dissolve 
the  salts  and  to  make  the  acid  concentration  the  same  as  in  lead  acid,  heat  to 
boiling  and  allow  to  cool  and  settle  for  5  hours,  or  over  night  if  convenient. 
Filter  on  a  weighed  porcelain  gooch  crucible  and  wash  with  lead  acid.  Wash 
out  the  lead  acid  with  dilute  alcohol,  set  the  gooch  crucible  inside  a  porcelain 
crucible,  dry  and  ignite  for  5  minutes  at  the  foil  heat  of  a  Tirrell  burner,  cool 
and  weigh  as  PbSOi,  which  contains  68.29  per  cent  lead. 

Accuracy:  Duplicate  determinations  should  check  within  0.01  per  cent  of 
lead.  Results  obtained  by  this  method  are  likely  to  be  about  0.01  per  cent  too 
low. 

Note.  It  is  impossible  to  remove  the  tin  quantitatively  as  HiSnOi  in  the  case  of 
alloys  containing  over  0.25  per  cent  of  iron,  but  by  the  pieliminary  baking  and  long 
standing,  moet  of  the  BiSnOi  is  precipitated. 
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Xketerminatioii  of  Capper  and  Lead  Simultaneoasl;  b;  the  Electrolytic  Method 
(For  Samples  Cgntaining  over  0^  Per  Cent  of  Lead) 

BSethod.     In  a  150  cc.  beaker  dissolve  1  g.  of  bronze  in  lO  cc.  of  HNOi, 
sp.gr-  1-42.     When  the  action  has  ceased,  evaporate  the  solution  to  dryness, 
an<l  bake  thoroughly  on  the  edge  of  a  hot  plate.     Add  10  cc.  of  HNOi,  ep.gr. 
1.^12,  and  after  digesting  for  a  short  time  add  50  cc.  of  distilled  water,  heat  to 
boiling,  and  allow  to  stand  and  settle  for  about  one  hour,  keeping  the  tempera- 
ture jiist  below  the  boiling  point.     Filter  on  double  7  cm,  filter  papers,  keeping 
the  solution  hot,  and  receive  the  filtrate  in  a  200  cc.  electrolysis  beaker.     Wash 
'with  boiling  hot  water,  dilute  to  about  100  cc.  and  insert  electrodes.     In  the 
positive  terminal  insert  one  of  the  platinum  gauze  anodes  previously  described, 
and  in  the  negative  terminal  ioacrt  a  platinum  gauze  cathode.     Cover  with  a 
pair  of  split  watch  glasses  and  electrolyze,  using  a  current  of  from  3  to  5  am- 
peres at  approximately  10  volts  for  each  solution.     After  about  45  minutes 
the  lead  will  have  been  entirely  deposited  on  the  anode  as  PbOi;    without 
mtemipting  the  current  add' to  the  electrolyte  3  to  4  cc.  of  iLSOt,  sp.gr.  1.S4, 
and  continue  the  electrolysis.     When  the  solution  is  colorless,  wash  down  cover 
^assej,  electrodes  and  sides  of  beaker,  raising  the  level  of  the  liquid  slightly, 
and  continue  the  passage  of  the  current  about  15  minutes,  noting  whether  or 
not  copper  U  deposited  on  the  newly  exposed  surface  of  the  platinum.     If  no 
copper  appears,  transfer  about  1  cc.  of  the  colorless  solution  to  the  cavity  of  a 
porcelain  test  plate,  and  add  a  few  drops  of  fresh  H:<S  water.     If  the  slightest 
discoloration  occurs  continue  the  electrolysis  until  there  is  no  discoloration 
whatever  upon  repeating  the  test.     Remove  the  solution  from  the  electrodes 
quickly  without  interrupting  the  current.     Rinse  the  electrodes  in  distilled 
water  and  then  dip  them  in  two  successive  baths  of  alcohol.     Dry  the  anode 
at  210"  C.  for  one-half  hour.     Weigh  as  PbO,,  using  the  factor  for  lead  0.8643 
in.<it«ad  of  the  theoretical  value.     Shake  oR  the  excess  alcohol  from  the  cathode 
and  ignite  the  remainder  by  bringing  it  to  the  flame  of  an  alcohol  lamp.     Keep 
the  cathode  moving  continually  while  the  alcohol  bums.     Weigh  as  metalhc 
copper. 

AecvraeyT  Duplicate  copper  determinations  should  check  within  0.10  per 
cent  of  copper.  Duplicate  lead  determinations  should  check  within  0.02  per 
cent  of  lead.  Lead  results  obtained  by  this  method  are  likely  to  be  about 
0.01  per  cent  too  high. 
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Determination  of  Tin 

SolutioDB  Required.  Dilide  Hydrochloric  Acid:  Mix  500  oc.  of  HCI,  sp.gr. 
1.20,  and  500  cc.  of  distilled  water. 

Dilvle  Suifvric  Acid:  Mix  300  cc.  of  H^SC,  ap.gr.  1.84,  and  600  co.  of 
distilled  water. 

DilJde  Ammonia;  Mix  100  cc.  of  NH.OH,  sp.gr.  0.90,  and  900  cc.  of 
distilled  water. 

Ammonium  Acelaie  Solution  for  Washing:  Dissolve  10  g.  of  ammonium 
acetate  in  300  cc.  of  distilled  water.  Make  slightly  acid  with  acetic  acid  and 
saturate  with  H^S  gas. 

Method.  In  a  150  cc.  beaker  dissolve  2  g.  of  bronze  in  a  mixture  of  10  cc. 
of  HCI,  sp.gr.  1.20,  and  5  cc.  of  HNO,,'  sp.gr.  1.42.  Dilute  to  about  75  cc. 
with  distilled  water.  Add  NHiOH,  sp.gr.  0.90,  until  the  basic  salts  of  copper 
have  dissolved  and  the  solution  has  become  a  deep  blue.  Boil  and  allow  to 
settle,  and  filter  on  a  closely  woven  filter  paper.  Wash  with  dilute  ammonia 
and  with  hot  water.  Dis.solve  tlie  precipitate  on  the  filter  with  hot  dilute  HC!. 
Dilute  the  solution  to  about  100  cc.  Add  NH4OH,  sp.gr.  0.90,  uutil  a  perma- 
nent precipitate  forms.  Heat  the  solution  to  boiling,  allow  to  settle,  filter 
and  wash  as  before.  Dissolve  the  precipitate  on  the  filter  with  boiling  hot 
dilute  HiSO*,  washing  the  paper  very  thoroughly  with  this  acid.  Add  NHtOH, 
sp.gr.  0.90,  cautiously  until  the  precipitate  which  forms  at  first  dissolves  rather 
slowly.  Allow  the  solution  to  stand  for  some  hours  and  if  any  lead  sulfate 
forms  filter  it  off.  Dilute  the  solution  to  about  200  cc.  and  saturate  it  with 
HiS  gas.  Filter  the  precipitated  tin  sulfide  off  on  double  papers  and  wash 
with  ammonium  acetate  solution,  retaining  the  filtrate  and  washings  from  the 
iron  determination.  Dry  the  precipitate  and  place  it  with  the  papers  in  a 
porcelain  crucible  which  projects  part  way  through  a  hole  in  a  piece  of  asbestos 
board.  Heat  slowly  until  any  free  sulfur  has  been  driven  off,  but  without 
allowing  the  sulfur  to  burn.  When  the  sulfur  has  been  expelled,  place  the 
crucible  on  a  triangle  and  ignite  slowly  at  first  and  finally  at  the  full  heat  of  the 
burner.  If  the  precipitate  weighs  more  than  20  mg.  heat  to  constant  weight, 
using  a  blast  lamp.     Weigh  as  SnOi,  which  contains  78.81  per  cent  of  tin. 

Acctiracy:  Duplicate  determinations  should  check  within  0.06  per  cent 
of  tin. 

Notes.  If,  during  ignition,  the  sulfur  is  allowed  to  bum,  some  tin  sulfate  may  be 
formed,  causing  high  results.  On  the  other  hand,  low  results  may  be  caused  by  t^io 
high  heat,  whirh  nausea  spattering  and  vulatilizes  some  tin  sulfide. 

Tin  and  iron  are  best  determined  on  the  same  sample,  retaining  the  filtrate  from 
the  tin  sulfide  preeipitate  to  use  for  the  iron  determination. 
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Datennination  of  Iron 

Solotioiu  Required.    See  "  Determination  of  Tin,"  and  the  following: 

Dilute  Sidftirie  Add  for  Reductor:  Mix  500  cc.  of  H,SO,,  sp.gr.  1.84,  and 
500  cc.  of  distilled  water. 

Pt^aeaium  Permanganate:  Dissolve  0.2  g.  of  KMnOj  in  water,  filter  through 
asbestos,  and  dilute  to  1000  cc.  with  distilled  water.  Standardize  against 
0.020  g.  portions  of  pure  sodium  oxalate:  or,  standardize  against  0.020  g. 
portions  of  purest  iron  wire.  Each  cubic  centimeter  is  equivalent  to  approx- 
imately 0.00033  g.  of  iron. 

Method.  Proceed  exactly  as  in  the  "Determination  of  Tin"  through  the 
filtration  and  washing  of  the  precipitated  tin  sulfide.  Combine  the  filtrate 
and  washings  from  the  tin  sulfide  precipitate  and  boil  until  all  HiS  is  expelled. 
Add  HNO)  ap.gr.  1.42,  until  the  iron  is  oxidized,  which  is  shown  by  the  solution 
becoming  clear  and  of  a  yellowish  color.  Add  about  5  g.  of  NHtCl,  then 
NH4OH,  Bp.gr.  0,90  until  a  permanent  precipitate  forms.  Boil,  allow  to  settle, 
filter  on  a  loosely  woven  filter  paper  and  wash  with  dilute  ammonia  and  with 
hot  water.  Dissolve  the  precipitate  on  the  paper  with  hot  dilute  HCI  and 
add  XH(OH,  sp.gr.  0.90  to  the  solution  again  until  a  permanent  precipitate 
forms.  Boil,  allow  to  settle,  filter  on  a  loosely  woven  filter  paper,  and  wash 
with  dilute  ammonia  and  with  hot  water  as  before.  Dissolve  the  precipitate 
on  the  filter  with  dilute  HtSOt,  transfer  the  solution  to  a  Jones  reductor,  and 
add  40  cc.  of  the  dilute  HiSOt  used  for  the  reductor.  Pass  the  solution  through 
the  reductor,  wash  first  with  150  cc.  of  distilled  water  and  then  with  an  addi- 
tional 100  cc.  of  distilled  water,  and  titrate  with  the  standard  KMnOi. 

Accuracy:  Duplicate  determinations  .should  check  within  0.03  per  cent  of 
iron. 

NoTKB.  A  Uank  det«nnination  should  be  made  on  corresponding  amounts  of  acid 
and  water  passed  through  the  reductor  and  the  results  should  be  corrected  accordingly. 
About  0.5  cc.  of  the  permanganate  will  be  required  to  give  a  permanent  coloration  to 
tlw  H^ution. 

A  small  quantity  of  bqujd  should  always  be  lert  in  the  reductor  funnel,  and  air 
sbould  never  be  allowed  to  enter  the  body  of  the  reduetor. 

A  description  and  further  details  of  use  of  reductor  see  Vol.  I,  pages  319,  320. 
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Detenainatioa  of  Manganese  by  the  Persulfate  Method 

Solutions  Required.    Solution  for  Disgolving:   Mix  500  cc.  of  HtSOt,  sp.gr, 
1.84,  200  cc.  of  HNO,  sp.gr.  1.42,  and  1700  CO.  of  distilled  water. 

Silver  Nitroie:    Dissolve  1.33  g.  of  AgNOi  in  1000  cc.  of  distilled  water. 
Stock  Sodium  Araenite:    To  15  g.  of  arsenious  oxide  (AsiOj)  in  a  300  cc. 
Erienmeyer  flask,  add  45  g.  of  XajCO]  and  150  cc.  of  distilled  water.     Heat  the 
flask  and  contents  on  the  steam  bath  until  the  AsjOj  is  dissolved.     Cool  the 
solution.  Alter  and  make  up  to  1000  cc.  with  distilled  water. 

Standard  Sodium  Arsenitc:  Mix  200  cc.  of  stock  sodium  arsenite  solution 
with  2500  cc.  of  di^<tiiled  water,  and  standardize  against  a  steel  or  iron  of  known 
manganese  content  as  determined  by  the  Bismuthatc  Method,  or  standardise 
against  one  of  the  Bureau  of  Standards'  standard  irons  or  steels.  One  cc.  of 
this  solution  should  be  equivalent  to  approximately  0.00050  g.  of  manganese- 
ammonium  Pcraulfale;  Dissolve  60  g.  of  ammonium  persulfate  in  1000  cc. 
of  distilled  water- 
Method.  In  a  250  cc.  Erienmeyer  flask  dissolve  1  g.  of  bronze  in  24  cc 
of  the  "solution  for  dissolving."  Allow  to  stand  on  a  steam  bath  or  hot  plate 
until  entirely  dissolved,  and  until  the  oxides  of  nitrogen  are  expelled.  Add 
15  cc.  of  AgNO]  solution  and  20  cc.  of  ammonium,  persulfate  and  leave  on  the 
steam  bath  until  the  solution  has  developed  a  full  permanganate  color  and  no 
bubbles  can  be  seen  to  come  off  when  the  fla.sk  is  given  a  whirling  motion. 
Cool  to  below  25°  C.  in  running  water,  and  add  50  cc.  of  cold  water.  Titrate 
with  standard  aodium-arsenite  solution  to  the  disappearance  of  the  pink  color. 
Accuracy:  Duplicate  determinations  should  check  within  0.02  per  cent  of 
manganese. 


Notes.  Large  amounts  of  permaoganic  acid  are  unstable;  on  that  account  samples 
which  contain  large  amoimta  of  manganese  should  have  correspondingly  small  sampleB 
weighed  out.  For  inalanee,  with  metal  containing  1.5  per  rent  of  manganese  use  a  0.10 
g.  sample,  while  if  mct.ai  contains  0.75  per  cent  manganese  use  a  0.20  g.  sample. 

The  solution  must  be  cold  when  it  is  titrated,  for  high  temperatures  cause  low 
results  to  be  obtained. 
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Deteimination  of  Manganeu  b;  the  Bismuthate  Method 
(Opdooal) 

I  Required.     Nitric  Acid  (1  :  3);  Mix  250  co.  of  HNOi  sp.gr.  1.42, 
and  750  cc.  of  distilled  water. 

Nitric  Acid  Jor  Waskint:  Mix  30  cc.  of  HNOi  sp.gr.  1.42  and  970  co.  of 
distilled  water. 

Ferrous  Ammonium  Svlfale:  Dissolve  12.4  g.  of  ferroua  ammonium  sulfate 
crystals  in  950  cc.  of  distilled  water,  and  add  50  cc.  of  HjSO*  sp.gr.  1.84. 

Potassium  Permangante:  Dissolve  1  g.  of  KMnOi  in  1000  cc.  of  distilled 
water.  Allow  it  to  stand  for  about  one  week  and  then  filter  it  through  asbestos. 
Standardize  against  0.10  g.  portions  of  pure  sodium  oxalate. 

Method.  In  a  250  cc.  Erlenmeyer  flaisk  dissolve  1  g.  of  bronze  in  50  cc. 
of  HNO,  (1  :  3).  Without  filtering  off  the  HiSnOi,  cool  and  add  0.5  g.  of 
sodium 'bismuthate.  Heat  for  a  few  minutes  until  the  purple  color  has  dis- 
appeared, with  or  without  the  precipitation  uf  munganese  dioxide.  Add  a  little 
ferrous-ammonium  sulfate  solution  until  the  solution  becomes  clear,  and  boil 
until  the  oxides  of  nitrogen  are  expelled.  Cool,  add  an  excess  of  sodium  bis- 
muthate and  agitate  for  a  few  minutes.  Add  50  cc.  of  HNOi  for  washing  and 
filter  through  an  alundum  crucible  or  an  asbestos  pad.  Wash  with  50  cc.  of 
the  HNOi  for  washing.  Add  from  a  pipette  or  a  burette  10  cc.  of  ferrous- 
ammonium  sulfate  solution  and  titrate  with  KMnOi.  Owing  to  the  presence 
of  considerable  copper,  the  end  point  is  somewhat  different  from  the  normal 
pink  color. 

In  exactly  the  same  manner  carry  through  a  blank  determination,  using  the 
same  amounts  of  HNDi  and  sodium  bismuthate  as  was  done  with  the  regular 
sample.  Finally  add  exactly  10  cc.  of  ferrous-ammonium  sulfate  solution  and 
titrate  with  KMnO(.  The  difference  between  the  two  titrations  is  due  to  the 
nianganeee.  Since  one  manganese  as  permanganate  oxidized  five  irons,  the  iron 
value  of  the  permanganate  multiplied  by  the  factor  {Mn/5Fe)  (or  0.1967) 
l^ves  the  value  in  terms  of  manganese. 

Aeeiiracy:  Duplicate  determinations  should  check  within  0.02  per  cent  of 
tnanganese. 

Notes.  Instead  of  employing  the  method  of  reducing  the  permanganic  acid  by 
t  mpuu  of  standardized  ferroua  ammonium  sulfate  solution  and  titrating  the  excess  of 
ihU  reagent,  it  is  possible  to  reduce  the  permanganic  acid  by  standard  sodium  arscnite 
*ilulion.     See  "  iJeterininatiou  of  Manganese  by  the  Pcrsulfate  Method." 

The  filtrate  from  the  bismuthate  roust  be  perfectly  clear,  as  the  least  particle  of 
■■ismuthate  carried  into  the  filtrate  wilt  vitiate  toe  results. 
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Analysis  of  Qun  Metal 

Standard  Method,  A.  S.  T.  M. 

General  Considerations.     Phosphorits  should  not  be  present  in  this  alloy 

except  in  very  small  amounts.  A  rapid  qunlitative  teat  for  it  is  given  wherebj 
it  is  easily  seen  whether  or  not  it  is  necessary  to  make  a  correction  for  its 
presence  in  the  determination  of  tin. 

A  special  method  is  also  ^ven  for  the  determination  of  tin  in  alloys  such  a£ 
phosphor-bronze  which  contain  considerable  phosphorus. 

AU07  of  Copper,  Tin,  Lead,  Iron  and  Zinc 
Detennination  of  Copper  by  the  Electrolytic  Method 

Apparatus  for  Electrolyns.  EUclrodes:  The  electrodes  recommended  are 
of  the  stationary  and  not  of  the  rotating  type,  as  the  stationary  require  ieas 
operator's  time  and  there  is  less  chance  for  erroneous  results  to  be  obtained 
than  with  the  other  kind.  Rapid  and  accurate  results  are  obtained  with  sta- 
tionary electrodes  made  from  platinum  gauze. 

Cathodes:  Platinum  cathodes  may  be  formed  either  from  plain  or  perforated 
sheets,  or  from  wire  gauze,  and  may  be  either  open  or  closed  cylinders.  They 
should  give  a  depositing  surface,  counting  both  sides,  of  approximately  100 
sq.  cm.  Gauze  cathodes  are  recommended,  and  are  best  made  from  gauze 
containing  approximately  400  meshes  per  sq.  cm.  (45  meshes  per  linear  inch). 
The  cathode  should  be  stiffened  by  doubling  the  gauze  for  about  3  mm.  at  the 
top  and  at  the  bottom  of  the  cylinder.  The  cylinder  should  be  approximately 
30  mm.  in  diameter  and  30  mm.  in  height.  The  stem  should  be  made  from 
1.14  mm.  or  1.29  mm.  wire,  flattened  and  welded  the  entire  width  of  the  gauze; 
the  height  over  all  should  be  approximately  130  mm.,  and  the  gauze  should 
be  sand  blasted. 

Anodes:  Platinum  anodes  may  be  of  the  spiral  type  when  used  in  the 
determination  ot  copper  by  electrolysis,  or  in  the  electrolytic  determination  of 
lead  when  it  is  present  in  amounts  not  over  0.2  per  cent.  When  used  in 
electrolytic  determination  of  copper  and  lead  together  in  samples  containing 
0.2  per  cent  lead  or  over,  the  anodes  should  be  of  wire  gauze.  Spiral  anodes 
should  be  made  from  1.02  mm.  or  1.14  mm.  wire  formed  into  a  spiral  of  7  turns 
having  a  height  of  approximately  51  mm.  and  a  diameter  of  16  mm.,  the  length 
over  all  being  approximately  145  mm.  Platinum  gauze  used  in  making  anodes 
should  contain  approximately  400  meshes  per  sq.  cm.  (45  meshes  per  linear 
inch).  The  gauze  should  be  formed  into  closed  cyhnders  approximately  12 
mm.  in  diameter  and  30  mm.  in  height.  The  cylinders  should  be  stiffened  by 
doubhng  the  gauze  for  about  3  mm.  at  the  top  and  at  the  bottom.  The  stem 
should  be  made  from  1.02  mm.  or  1.29  mm.  wire,  flattened  and  welded  the 
entire  width  of  the  gnu^e ;  the  height  over  all  should  be  approximately  137  mm., 
and  the  gauze  should  be  sand  blasted. 

Method.  In  a  150  cc.  beaker  dissolve  1  g.  of  gun  metal  in  10  cc,  of  HNOi, 
sp.gr.  1.42.  When  the  action  has  ceased,  boil  until  the  oxides  of  nitrogen  are 
expelled,  a<ld  50  cc.  of  distilled  water,  and  allow  to  stand  and  settle  for  about 
one  hour,  keeping  the  temperature  just  below  the  boiling  point.  Filter  on 
doubfei?  cm.  ashless  papers,  being  careful  to  keep  the  solution  hot  throughout 
the  proces,s  of  filtration,  and  receiving  the  filtrate  in  a  200  cc.  beaker  of  the 
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tall  type  used  in  electrolysis.  Wash  with  boiliog  hot  water.  Retain  the  papers 
containing  the  precipitate  for  subsequent  use  in  the  tin  determination. 

Add  to  the  filtrate  5  cc.  of  HjSO*,  ap.gr.  1.84,  and  determine  copper  by 
electrolysis,  retaining  the  electrolyte,  after  the  removal  of  the  copper,  for  the 
subsequent  determination  of  zinc.  See  the  "  Determination  of  Copper  by  the 
Electrolytic  Method,"  Chemical  Analysis  of  Manganese  Bronze,  page  1089. 

AccuTOcy:  Duplicate  determinations  should  check  within  0.10  per  cent  of 
copper. 

NoTSS.  Copper,  line,  and  tin  a 
tin  being  first  removed,  and  any  zii 
electrolysis. 

If  the  eotution  becomes  cool  during  the  first  filtration  b> 
(H,S&0>)  may  dissolve. 

Detumination  of  Tin  (For  Samples  Free  from  Phosphorus) 
Method.  See  the  "Determination  of  Copper  by  the  Electrolytic  Method." 
Use  the  papers  containing  the  HiSuO]  which  was  filtered  off  in  the  Deter- 
mination of  Capper  by  the  Electrolytic  Method.  Ignite  the  papers  with  the 
precipitate,  while  moist,  in  a  porcelain  or  platinum  crucible,  slowly  at  first,  and 
finally  at  the  full  heat  of  the  burner.  If  the  precipitate  weighs  more  than 
20  mg.  heat  to  constant  weight,  using  a  blast  lamp.  Weigh  as  SdOi,  which 
contains  78.81  per  cent  of  tin. 

Accuracy:  Duplicate  determinations  should  check  within  0.04  per  cent  of 
tin. 

This  method  is  not  accurate  for  alloys  which  contain  arsenic,  antimony  or 
phosphorus,  or  which  contain  over  0.25  per  cent  of  iron.  The  SnO»  may  be 
contaminated  with  a  slight  amount  of  copper  and  purifidation  w  required  in 
very  accurate  work,  but  is  generally  neglected  in  routine  analysis. 

The  ignited  tin  oxide  contains  the  phosphorus  which  may  be  present  in  the 
alloy.  The  following  test  is  here  made  use  of  to  detect  phosphorus  and  to 
estimate  its  amount,  if  any  is  found. 

QualitatiTe  Test  for  Phosphorus 

S<dutioiu  Reqnired.  Ferric  Chloride:  Dissolve  25  g.  of  ferric  chloride  in 
100  cc  of  distilled  water,  and  add  25  cc.  of  HCl,  sp.gr.  1.20. 

Hetbod.  Dip  a  small  piece  of  the  alloy  into  a  few  cubic  centimeters  of 
ferric  chloride  for  about  10  seconds,  and  then  rinse  it  in  running  water.  Alloys 
containing  phosphorus  are  darkened  noticeably  where  they  have  been  dipped; 
alloys  oontainiDg  over  0.25  per  cent  of  phosphorus  are  rendered  almost  black 
by  this  teat.  Arsenic  and  antimony  act  in  a  manner  similar  to  phosphorus, 
but  should  not  be  present  in  this  alloy. 
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Conaction  for  Phosphorus.  In  alloys  containing  up  to  0.20  per  cent  of 
phosphorus  a  correction  for  its  presence  in  the  ignited  tin  oxide  may  be  made 

according  to  the  following  empirical  method.  From  the  phosphorus  content 
of  the  alloy,  which  must  be  determined  on  a  separate  sample,  compute  the 
weight  of  PjOi  and  subtract  two-thirds  of  this  weight  from  the  weight  of  the 
ignited  tin  oxide  containing  phosphorus.  The  remainder  ia  considered  as  pure 
SnOt,  which  contains  78.81  per  cent  of  tin.  The  factor  for  converting  phos- 
phorus to  J  XPiO[  is  152.6  per  cent  or  approximately  one  and  one-half  times 
the  phosphorus  content  of  the  sample. 

If  the  alloy  contains  over  0.20  per  cent  of  phosphorus  a  special  method  for 
the  determination  of  tin  should  be  used. 

Arsenic  and  antimony  should  not  be  present  in  weighable  amounts  in  the 
tin  oxide  resulting  from  a  sample  of  gun  metal. 

Iron  may  be  present  in  the  HsSnOi  in  very  small  amounts,  but  its  weight 
is  negligible  in  this  determination. 

In  alloys  which  contain  over  0.25  per  cent  of  iron,  use  the  method  lor  the 
Determination  of  Tin  in  Manganese  Bronze,  Standard  Method  for  Chemical 
Analysis  of  Manganese  Bronze,  page  1094. 


DetenninatioD  of  Tin  (For  Samides  Containing  PhoBphorus) 

Solutions  Required.  YeUow  Ammonium  Sulfide;  Saturate  200  cc.  of 
NHiOH,  sp.gr.  0.90  with  HiS  gas.  Dissolve  in  this  solution  3  or  4  g.  of  sulfur 
flour  and  about  1  g.  of  NH^CI.  Make  up  this  solution  freshly  and  filter 
immediately  before  using. 

Dilute  YeUow  Ammonium  Sulfide  for  Washing:  Mix  20  cc.  of  yellow  am- 
monium sulfide,  prepared  as  above,  and  400  cc.  of  distilled  water. 

Ammonium  Acetate  for  Waghing:  Dissolve  10  g.  of  ammonium  acetM^  in 
300  cc.  of  distilled  water,  make  slightly  acid  with  acetic  acid  and  saturate  with 
H,Sgas. 
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M ediod.  See  the  "  Determinatioa  of  Copper  by  the  Electrolytic  Method." 
Use  the  papers  containing  the  fre-slily  filtered  HiSnOg  which  was  filtered  off 
in  the  Determination  of  Copper  by  the  Electrolytic  Method.  Transfer  the 
papers  with  the  precipitate  to  a  150  cc.  beaker,  and  cover  them  with  40  to  50  cc. 
of  yellow  ammonium  sulfide.  Warm  for  about  15  minutes,  or  until  the  HiSnOj 
has  dissolved.  Filter  and  wash  thoroughly  with  dilute  yellow  ammonium  sulfide. 
Acidify  the  combined  filtrate  and  washings  cautiously  with  50  per  cent  acetic 
acid-  Warm,  and  allow  the  precipitated  tin  sulfide  and  sulfur  to  settle. 
Filter  on  double  papers  and  wash  with  ammonium  acetate  solution.  Dry  the 
precipitate,  and  place  it  with  the  papers  in  a  porcelain  crucible  which  projects 
part  way  through  a  hole  in  a  piece  of  asbestos  board.  Heat  slowly  until  the 
free  sulfur  has  been  driven  oS,  but  without  allowing  the  sulfur  to  bum.  When 
the  sulfur  has  been  expelled,  place  the  crucible  on  a  triangle  and  ignite  slowly 
at  first,  and  finally  at  the  full  heat  of  the  burner.  If  the  precipitate  weighs 
more  than  20  mg.  heat  to  constant  weight,  using  a  blast  lamp.  Weigh  as 
SuOi,  which  contains  78.SJ1  per  cent  tin. 

Accuracy:  Duplicate  determinations  should  check  within  0.06  per  cent  of 
tin. 

Notes.  If  during  the  firat  filtration  the  solution  becomes  cool,  some  of  the  HtSnOi 
m&y  dissolve . 

During  ignition,  if  the  sulfur  is  allowed  to  burn,  some  tin  sulfate  may  be  formed, 
causing  high  result*.  On  the  other  hand,  low  results  may  be  caused  by  too  high  heat, 
which  causes  spattering,  and  volatihieB  some  tin  sullider. 

Determination  <a  I<ead  by  the  Electrolytic  Method 
(Por  SampEes  Containing  up  to  0.2  Per  Cent  of  Lead) 

Method.    In  a  250  cc.  beaker  dissolve  5  g.  of  gun  metal  in  25  cc.  of  HNOi, 
sp.gr.  1.42.     Allow  the  solution  to  bake  dry  on  the  edge  of  a  hot  plate  or  by 
standing  over  night  on  the  steam  bath.     Add  17  cc.  of  HNOi  sp.gr.  1.42,  and 
after  digesting  for  a  short  time,  add  85  cc.  of  hot  water  and  heat  to  boiling 
for  a  tew  minutes.     Allow  the  solution  to  stand  for  several  hours  at  a  tempera- 
ture just  below  the  boUing  point.     Filter  off  the  precipitated  HiSnOj  on  double 
dosely  woven  filter  papers,  being  careful  to  keep  the  solution  hot  throughout 
the  process  of  filtration.     Wash  with  boiling  hot  water.     Receive  the  com- 
plied filtrate  and  washing  in  a  250  cc.  beaker.     Dilute  to  about  150  cc.  with 
distilled  water  and  insert  electrodes.     In  the  positive  terminal  use  a  sand- 
blasted platinum  gau2C  electrode  such  as  is  used  for  the  cathode  in  the  deter- 
Biination  of  copper;   in  the  negative  terminal  insert  an  electrode  such  as  is 
u*d  for  the  anode  in  the  determination  of  copper.     Cover  with  a  pair  of  split 
I       Wtch  gjaases  and  electrolyze.     For  each  solution  use  a  current  of  1.25  to  1.5 
1       "iiperes  at  10  volts  continued  for  about  one  hour.     Wash  down  the  cover 
iduKs,  electrodes  and  sides  of  beaker,  raising  the  level  of  the  liquid  slightly, 
;       Uttd  continue  the  electrolysis  for  15  minutes.     If  no  darkening  of  the  newly 
^^posed  surface  of  the  platinum  can  be  detected  the  lead  has  been  entirely 
ifepoMted.     Continue  the  electrolysis  until  no  darkening  of  the  platinum  can 
\       I'' detected  when  the  current  has  been  passed  for  15  minutes  after  the  level  of 
>tie  liquid  has  been  raised. 
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loterrupt  the  current  once  or  twice  for  a  few  eeconda  during  the  course  of 
the  electrolysis  in  order  to  dissolve  any  metallic  lead  which  may  have  been 
deposited  on  the  negative  terminal.  When  the  lead  has  been  entirely  de- 
posited, remove  the  anode  quickly,  rinse  it  in  distilled  water  and  then  in  alcohol, 
and  dry  it  at  210°  C.  (or  one-half  hour.  Weigh  as  PbOj,  using  the  factor  for 
lead  0.8643  instead  of  the  theoretical  value. 

Accurac)!:  Duplicate  determinations  should  check  within  0.01  per  cent  of 
lead.  Results  obtained  by  this  method  are  likely  to  be  about  0.01  per  cent  too 
high.  For  exceptionally  accurate  or  investigation  work  redisaolve  the  coating 
from  the  electrode  and  determine  the  lead  as  sulfate.  See  the  "  Determination 
of  Lead  as  Sulfate." 

Notes.  It  is  impoeaible  to  remove  the  tin  quantitatively  aa  HiSaOi  in  the  case 
of  alloys  containing  over  0.25  per  cent  of  iron,  ana  traces  of  tin  are  sometiines  found  in 
the  PbOt  depoait.  Small  amounts  of  manganese  also  are  occasionally  depoated  with 
the  PbOi-  Tin  and  manganese  are  rarely  present  in  the  PbOi  in  amounts  which 
necessitate  a  purification  of  the  deposit. 

Detennination  of  Lead  as  Sulfate 
(For  Samples  Coataining  up  to  0.2  Per  Cent  of  Lead)  (Optional) 

Solutions  Required.  Lead  Acid:  Mix  300  cc.  of  HtSO<,  sp.gr.  1.S4,  and 
1800  cc.  of  distilled  water.  Dissolve  1  g.  of  lead  acetate,  c.p.,  in  300  co.  of 
distilled  water  and  add  this  to  the  hot  solution,  stirring  meanwhile.  Let 
stand  at  least  24  hours  and  syphon  through  a  thick  asbestos  filter. 

Dilute  Alcohol  for  WashiTig:  Mix  equal  parts  of  denatured  alcohol  and 
distilled  water. 

Method.  In  a  250  cc.  beaker  dissolve  5  g.  of  gun  metal  in  2a  cc.  of  HNd 
sp.gr.  1,42.  Allow  the  solution  to  bake  dry  on  the  edge  of  a  hot  plate,  or  by 
standing  over  night  on  the  Bteam  bath.  Add  17  cc.  of  HNOt  sp.gr.  1.42,  and 
after  digesting  for  a  short  time,  add  85  cc.  of  hot  water  and  heat  to  boiling 
for  a  few  minutes.  Allow  the  solution  to  stand  for  several  hours  at  a  tempera- 
ture just  below  the  boiling  point.  Filter  off  the  precipitated  HiSnO)  on  double 
closely  woven  filter  papers,  being  careful  to  keep  the  solution  hot  throughout 
the  process  of  filtration.  Wash  with  boiling  hot  water.  To  the  combined 
filtrate  and  washings  add  120  cc.  of  lead  add,  and  evaporate  until  copious 
fumes  of  HiSO«  are  evolved.  Cool,  add  105  cc.  of  distilled  water  to  dissolve 
the  salts  and  to  make  the  acid  concentration  the  same  as  in  lead  add,  heat  to 
boiling,  and  allow  to  coo!  and  settle  for  5  hours,  or  over  night  if  convenient. 
Filter  on  a  weighed  porcelain  gooch  crucible  and  wash  with  lead  acid.  Wash 
out  the  lead  acid  with  dilute  alcohol,  set  the  gooch  crucible  inside  a  porcelain 
crucible,  dry  and  ignite  for  5  minutes  at  the  full  heat  of  a  Tirrill  burner,  cool 
and  weigh  as  PbSO«,  which  contains  68.29  per  cent  lead. 
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Aeeuraey:  Duplicate  deter  mi  oations  should  check  within  0.01  per  cent  of 
lead.  Reaulta  obtained  by  this  method  are  likely  to  be  about  0.01  per  cent 
too  low. 

Note.  It  is  itnpoesibU  to  remove  the  tin  quantitatively  as  HiSnO,  id  the  case  of 
alloys  containiag  over  0.25  per  cent  of  iron,  but  by  the  preliminary  baking  and  long 
standing,  moot  of  the  H^nOi  is  precipitated. 

Detenainatioa  of  Zinc 

SolntioiiB  Required.  DUiUs  Hydrochloric  Acid:  Mix  500  cc.  of  HCI,  sp.gr. 
1.20  and  500  cc.  of  distilled  water. 

Method.     See  the  "Determination  of  Copper  by  the  Electrolytic  Method." 

After  the  copper  has  been  completely  deposited  by  electrolysis,  quickly 
remove  the  cathode  and  wash  it  thoroughly  in  distilled  water,  catching  the 
woshinga  in  the  beaker  containing  the  electrolyte.  Heat  the  solution  and 
saturate  with  HjS  gaa.  Filter  off  any  precipitate,  and  boil  the  solution  to 
expel  HiS.  Make  the  solution  barely  alkaline  with  NH4OH,  and  add  25  cc. 
of  85  per  cent  formic  acid.  Dilute  the  solution  with  distilled  water  to  300  cc. 
heat  to  boiling,  and  saturate  with  H^  gas.  Filter  and  wash  with  hot  water. 
Dis.solve  the  precipitate  with  hot  dilute  MCI,  and  transfer  the  solution  to  a 
weighed  platinum  or  porcelain  dish  or  crucible.  Add  a  few  drops  of  HiSO«, 
sp.gr.  l.$4,  and  evaporate  the  solution  until  copious  fumcK  escape.  If  the 
solution  is  not  clear  and  colorless,  cool,  add  a  few  cubic  oentimeters  of  HNOi, 
sp.gr.  1.42  and  again  evaporate  the  solution  until  fumes  of  HjSOi  come  off 
freely.  Repeat  the  treatment  with  HNOi  if  necessary,  until  the  organic 
matter  is  destroyed,  and  the  solution  is  colorless.  Remove  the  excess  of  HfS04 
by  heating  the  dish  cautiously,  and  finally  heat  to  dull  redness.  Weigh  as 
line  sulfate,  which  contains  40.49  per  cent  of  zinc. 

Accuracy:  Duplicate  determinations  should  check  within  0.05  per  cent  of 
line. 

Determination  of  Phosphorus  by  the  Alkalimetric  Method 

Stations  Reqtiired.  Nitric  Acid  for  Dissolving:  Mix  1000  cc.  of  HNOi, 
sp.gr.  1.42  and  1200  cc.  of  distilled  water. 

Nitric  Acid  for  Wasking:  Mix  20  cc.  of  HNO,,  ap.gr.  1.42,  and  1000  cc.  of 
distilled  water. 

Amrtwnium  MolybdaU:  Solution  No.  1.  Place  in  a  beaker  100  g.  of  85  per 
cent  molybdic  acid,  mix  it  thoroughly  with  240  cc.  of  distilled  water,  add  140  cc. 
of  NH.OH,  sp-gr.  0.90,  filter  and  add  60  cc.  of  HNO,,  sp.gr.  1.42. 

Solution  No.  2.  Mix  400  cc.  of  HNOi,  sp.gr.  1.42  and  960  cc.  of  distilled 
water. 

When  the  solutions  are  cold,  add  solution  No.  1  to  solution  No.  2,  stirring 
constantly;  then  add  0.1  g.  of  ammonium  phosphate  dissolved  in  10  cc.  of 
'listilled  water  and  let  stand  at  least  24  hours  before  using. 
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Potassium  Nitrate,  1  per  cent:  Dissolve  10  g.  of  KNOi  in  1000  cc.  of  distilled 
water. 

Phenolpklkalein  Indicator:  Dissolve  0.2  g.  of  phenol phthalein  in  50  cc.  of 
95  per  cent  ethyl  alcohol  and  50  cc,  of  distilled  water. 

Slaiidard  Sodiwn  Hydroxide:  Dissolve  6.5  g.  of  purified  NaOH  in  1000  cc. 
of  distilled  water,  add  a  slight  excess  of  1  per  cent  solution  of  barium  hydroxide, 
let  stand  for  24  hours,  decant  the  liquid,  and  standardize  it  against  a  steel  of 
known  phosphorus  content  as  determined  by  the  molybdate-magnesia  method, 
so  that  1  cc.  will  be  equivalent  to  0.01  per  cent  of  phosphorus  oa  the  basis  of  a 
2  g.  sample  (see  notes). 

Protect  the  solution  from  carbon  dioxide  with  a  soda-lime  tube. 

ferric  Chloride:  Dissolve  100  g.  of  ferric  cliloride  (phosphorus  free)  in 
100  cc,  of  distilled  water. 

Standard  Nitric  Add:  Mix  10  cc.  of  HNOj,  sp.gr.  1.42,  and  1000  cc.  of 
distilled  water.  Titrate  the  solution  against  standardized  NaOH,  u^ng 
phenolphthalein  as  indicator,  and  make  it  equivalent  to  the  NaOH  by  adding 
distilled  water. 

Method.  In  a  400  cc.  casserole  dissolve  I  g.  of  gun  metal  in  10  cc.  of  HKOi 
sp.gr.  1.42.  Add  20  cc.  of  HCl,  sp.gr.  1.20,  and  evaporate  to  dryness.  Moisten 
with  HCl,  evaporate  to  dryness  again,  and  bake  to  dull  redness.  Moisten  with 
HCl  again,  add  3  cc,  of  ferric  chloride  solution,  and  dilute  to  about  200  cC. 
with  distilled  water.  Add  NHjOH,  sp.gr.  0.90,  until  the  basic  salts  of  copper 
have  dissolved  and  the  solution  has  become  a  deep  blue.  Boil,  allow  to  settle, 
and  filter  on  a  loosely  woven  filter  paper.  Wash  with  dilute  ammonia  and 
with  hot  water.  Dissolve  the  precipitate  on  the  filter  with  hot  dilute  HCl, 
dilute  the  solution  to  about  200  cc,  add  NH,OH,  sp.gr,  0,90,  until  the  pre- 
cipitate which  forms  at  first  dissolves  rather  slowly,  and  saturate  with  H^  ga». 
Filter  off  anil  reject  the  precipitate.  Boil  the  filtrate  to  expel  HiS,  and  add 
HNO,,  sp,gr.  1.42,  until  the  iron  is  oxidized.  Add  NH,OH,  sp.gr.  0.90,  until 
the  solution  is  alkaline.  Boil  and  filter  on  a  loosely  woven  filter  paper.  Wash 
with  dilute  ammonia  and  with  hot  wnter.  Dissolve  the  precipitate  on  the 
fitter  with  HNOj  (sp.  gr,  1.42)  receiving  the  solution  in  a  350  cc.  Krienmeycr 
fiask.  Add  NH^OH,  sp.gr.  0.90,  until  the  iron  is  entirely  precipitated,  and 
then  add  HNOj,  sp.gr.  1.42,  cautiouKly  until  the  solution  just  becomes  clear. 
Bring  the  solution  to  a  temperature  of  about  80°  C,  and  add  40  cc.  of  ammo- 
nium molybdate  at  room  temperature.  Allow  to  stand  for  one  minute,  shake 
or  agitato  for  3  minutes,  and  filter  on  a  9  cm.  paper.  Wash  the  precipitate 
three  times  with  the  2  per  cent  HNOj  solution  to  free  it  from  iron,  and  continue 
the  washing  with  the  1  per  cent  KNOj  solution  until  the  precipitate  and  flask 
are  free  from  acid. 
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Transfer  the  paper  and  precipitate  to  a  solution  flask,  add  20  cc.  of  distilled 
water,  5  drops  of  phenol phthsjein  solution  as  indicator,  and  an  excess  of 
standard  NaOH  solution.  Insert  a  rubber  stopper  and  shake  vigorously  until 
solution  of  the  precipitate  is  complete.  VVa^h  of!  the  stopper  with  distilled 
water  and  determine  the  excess  of  NaOH  solution  by  titrating  with  standard 
HNO)  solution.  Each  cubic  centimeter  of  standard  NaOH  solution  represents 
0.01  per  cent  of  phosphorus. 

Accuracy:  Duplicate  determinations  should  check  within  0.01  per  cent  of 
phosphorus. 

Notes.  The  ammonium-moi};bdatc  solution  should  be  kept  in  a  cool  place  and 
should  alwftvs  be  filtered  before  using. 

All  distilled  water  used  in  titrations  should  be  freed  from  carbon  dioxide  by  boihng 
or  otherwise. 

Bureau  of  Standards  Standard  Steel  No.  19  (a)  is  recommended  as  a  suitable  steel 
or  standardiiation  of  the  NaOH  solution. 

Determination  of  Phosphorus  by  the  Ferric-Alum  Method 
(Optional) 

Sohitioiis  Required.  Ferric  Chloride:  Dissolve  100  g.  of  ferric  chloride 
(phosphorus  free)  in  100  cc.  of  distilled  water. 

DiluU  Ammonia:  Mix  100  cc.  of  NH4OH,  sp.gr.  0.90,  and  900  cc.  of  dis- 
tilled water. 

Dilute  Hydrochioric  Acid:  Mix  500  cc.  of  HC'l,  sp.gr.  1.20,  and  500  cc.  of 
distilled  water. 

DiiuU  Swi/unc  Add  for  Dissolring:  Mix  200  cc.  of  HiSOt,  sp.gr.  1.84,  and 
800  cc.  of  distilled  water. 

DiluU  Sidfunc  Acid  for  ReducUtr:  Mix  300  cc.  of  H»SO,,  sp.gr.  1.84,  and 
500  cc.  of  distilled  water. 

Ammortium  Molybdate:  Solution  No.  I.  Place  in  a  beaker  100  g.  of  85  per 
cent  molybdic  acid,  mix  it  thoroughly  with  240  cc.  of  distilled  water,  add  140 
cc.  of  NH,OH,  sp.gr.  0.90,  filter  and  add  60  cc.  of  HNO,,  sp.gr.  1.42. 

Solution  No.  2.  Mix  400  cc.  of  HNOi,  sp.gr.  1.42,  and  960  cc.  of  distilled 
water. 

When  the  solutions  are  oold,  add  solution  No.  1  to  solution  No.  2,  stirring 
constantly,  then  add  0.1  g.  of  ammonium  phosphate  dissolved  in  10  cc.  of 
i^tilled  water,  and  let  stand  at  \e&nt  24  hours  before  using. 

Acid  AmjTwnium  Sulfate:  Mix  2.j  cc.  of  H,SO«,  sp.gr.  1.84,  and  1000  cc. 
(rf  distilled  water,  and  then  add  15  cc.  of  NH.OH,  sp.gr.  0.90. 

ferric  Alum:  Dissolve  200  g.  of  ferric  ammonium  sulfate  crystals  in  1950 
cc.  of  distilled  water.  Add  50  cc.  of  HjSO*,  sp.gr.  1.84,  and  80  cc.  of  phos- 
phoric acid,  85  per  cent. 

PotoMium  Permanganate:  Dissolve  from  3.0  to  3.2  g.  of  KMnO,  in  1000  cc. 
"t  dLitilJed  water.  Allow  the  solution  to  stand  for  about  one  week,  and  then 
Slt«t  it  through  an  asbestos  filter.  Standardize  by  using  about  0.200  g. 
portions  of  pure  sodium  oxalate. 
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Mettiod.  In  a  400  cc.  caseerole  dissolve  1  g.  of  gun  metal  in  10  cc.  of 
HNOi,  ep.gr.  1.42.  Add  20  cc.  of  HCI,  sp.gr.  1.20,  and  evaporate  to  dryness. 
Moisten  with  HCI,  evaporate  to  dryness  again,  and  bake  to  dull  redness. 
Moisten  with  HCI  again,  add  3  cc.  of  ferric  chloride  solution,  and  dilute  to 
about  200  cc.  with  distilled  water.  Add  NH«OH,  sp.gr.  0.90,  until  the  basic 
salts  of  copper  have  dissolved  and  the  solution  has  become  a  deep  blue.  Boil, 
allov/  to  settle,  and' filter  on  a  loosely  woven  filter  paper.  Wash  with  dilute 
ammonia  and  with  hot  water.  Dissolve  the  precipitate  on  the  filter  with  hot 
dilute  HCI,  dilute  the  solution  to  about  200  cc,  add  NH,OH,  sp.gr..  0.90,  until 
the  precipitate  which  forms  at  first  dissolves  rather  slowly,  and  saturate  with 
HiS  gas.  Filter  off  and  reject  the  precipitate.  BoU  the  filtrate  to  expel  HiS, 
and  add  HNd,  sp.gr.  1.42,  until  the  iron  is  oxidized.  Add  NH4OH,  sp.gr. 
0.90,  until  the  solution  is  alkaline.  Boil  and  filter  on  a  loosely  woven  filter 
paper.  Wash  with  dilute  ammonia  and  with  hot  water.  Dissolve  the  pre- 
cipitate on  the  filter  with  hot  dilute  HiSOi,  receiving  the  solution  in  a  350  cc. 
Erlenmeyer  flask.  Add  NH«OH,  sp.gr.  0.90,  until  the  iron  is  entirely  pre- 
cipitated, and  then  add  HNOj,  sp.gr.  1,42,  cautiously  until  the  solution  just 
becomes  clear.  Bring  the  solution  to  a  temperature  of  about  80°  C,  and  add 
40  cc.  of  ammonium  molybdate  at  room  temperature.  Allow  to  stand  for  one 
minute,  shake  or  agitate  for  3  minutes,  filter  on  a  9  cm.  paper,  and  wash  very 
thoroughly  (about  25  times)  with  add  ammonium  sulfate.  Dissolve  the 
precipitate  on  the  paper  using  50  cc.  of  dilute  ammonia.  Add  10  cc.  of  H1SO4, 
sp.gr.  1.84,  and  immediately  pass  the  solution  through  a  Jones  reductor,  which 
has  the  reductor  tube  prolonged  and  reaching  nearly  to  the  bottom  of  the  flask, 
dipping  into  50  cc.  of  ferric-alum  solution.  Wash  through  the  reductor  with 
130  cc.  of  distilled  water,  and  follow  with  an  additional  100  cc.  of  distilled  water. 
Titrate  with  standard  KMn04. 

By  this  method  the  molybdeiium  in  passing  through  the  reductor  is  reduced 
entirely  to  the  form  MotOj,  and  is  oxidized  by  the  ferric  alum  to  the  form 
MoOi,  an  equivalent  amount  of  iron  being  reduced  to  the  ferrous  condition. 
As  the  yellow  precipitate  contains  one  atom  of  phosphorus  to  each  twelve 
molecules  of  MoOi,  and  oh  three  atoms  of  oxygen  oxidize  two  of  molybdenum, 
eighteen  oxygens  or  thirty-six  irons  are  eqiuvalent  to  one  phosphorus.  There- 
fore, the  iron  value  of  the  permangante  multiplied  by  the  factor  P/36  Fe 
{or  0.01540)  gives  the  value  of  the  permanganate  in  terms  of  phosphorus. 

Accuracy:  Duplicate  determinations  should  check  within  0.01  per  cent  of 
phosphorus. 

Notes.  The  ammonium-molybdatc  solution  should  be  kept  in  a,  cool  place  and 
should  always  be  filtered  before  using. 

A  blank  determination  should  be  made  on  corresponding  amounts  of  acid  and 
water,  passing  through  the  reductor  into  the  usual  amount  of  ferric-alum  solution  in 
the  flask. 

A  small  ouantity  of  liquid  should  always  be  left  in  the  reductor  funnel,  and  air 
should  never  be  allowed  to  enter  the  reductor. 

Description  of  the  Jones  reductor  is  given  on  page  319,  Volume  1. 


MERCURY  IN  ZINC  AMALGAM 

The  followiDg  method  is  used  by  the  N.  Y.,  N.  U.  and  H.  Railroad  for 
determining  mercury  in  line  amalgams  of  battery  zincs: 

thocadure.  Four  to  5  graiiis  of  alloy  filings  are  dissolved  in  about  75  cc. 
of  HCl  (1  :  1)  and  boiled  for  about  3  hrs.  Zinc  dissolves  and  is  filtered  off, 
leaving  lead  and  mercury  as  metals.  The  washed  residue  is  dried  in  a  porcelain 
crucible  at  100°  C,  then  cooled  and  weighed.  The  metals  are  now  heated  to 
dull  redness  (Hood)  and  the  residue  of  lead  again  weighed.  The  loss  of  weight 
is  due  to  the  volatilized  mercury. 


FIXED  OILS,   FATS  AND  WAXES 

AruusTus  H.  Gill  ' 

It  will  be  remembered  that  the  jixtd  oils  are  those  which  leave  a  pennanent 
stain  on  paper,  whereas  the  essential  or  volatile  oils  evaporate.  The  fixed  oils, 
if  saponifiablc,  are  glycerides  of  the  higher  fatty  acids,  oleic,  CiiHuCOOH,  6t«aric, 
C„H„COOH,  palmitic,  CiiH,iCOOH;  and  if  unsaponifiable,  hydrocarbons, 
usually  of  the  paraffin  (CHm+i)  and  olefin  (C,Hi,)  series.  The /rate  differ  from 
the  oils  in  having  a  higher  melting-point,  caused  by  a  larger  percentage  of 
stearic  and  palmitic  acid.  The  waxes  differ  from  the  oils  or  fats  in  that  the 
former  are  esters  of  monatomic  alcohols.  The  ails  are  further  divided  according 
to  their  drying  power  on  exposure  to  the  air,  into  drying,  semi-drying  and  non- 
drying  oils. 

The  drying  oils  contain  a  large  proportion  of  glycerides  of  the  unsaturated 
acids,  particularly  linoleic  and  linolenic,  whereas  the  semi-drying  contain  a  smaller 
percentage,  and  the  non-drying  little  or  none  of  these  esters. 

Examination  of  an  Unknown  Oil 

There  being  no  specific  tests  for  the  various  oils,  as  for  their  identification,  the 
analyst  should,  in  attacking  an  unknown  oil,  ascertain  all  possible  facts  about  it, 
as  the  source,  the  use  to  which  it  is  put,  and  the  cost. 

Certain  physical  properties  too,  may  aid  in  the  examination.  The  coior 
is  of  little  assistance,  as  oils  may  be  colored  by  the  use  of  oleates  or  but3Tates  of 
iron  or  copper.  Fluorescence  or  "bloom"  is  valuable  as  indicating  the  presence 
of  mineral  oil;  this  can  l>e  shown  by  placing  a  few  drops  of  the  oil  on  a  sheet 
of  ebonite  and  observing  the  bluish  color.  The  odor  and  taste  are  particularly 
valuable.  Marine  animal  oils  arc  detected,  especially  when  warm,  by  their 
strong  "  fishy  "  odor,  while  neatsfoot,  tallow,  lard,  rosin  and  linseed  oils  each  have 
a  well-marked  and  easily  distinguishable  smell.  Whale  oil  is  said  to  have  a 
"nutty,"  and  rape  oi!  has  a  harsh,  unpleasant  "tumipy"  tast«.  The  (ur- 
bidiljf  showing  the  presence  of  water,  or  of  oils  which  imperfectly  mix — as  castor 
and  mineral  oils — and  the  seditneU,  either  stearin  or  dirt,  are  also  to  be  noted; 
these  should  be  filtered  out  through  paper  before  the  oil  is  analyzed. 

The  elaidin  test  (pageI126)may  be  applied  next,  to  allow  time  for  the  cake  to 
form;  it  will  be  followed  by  the  Maumenfi  test  (page  1126)  both  being  done  in 
duplicate.  In  making  the  elaidin  test  it  is  advisable  to  carry  on  an  experiment 
under  the  same  conditions  with  a  known  sample  of  lard  oil.  These  two  tests 
will  show  whether  the  sample  under  examination  is  a  drying  or  non-drying  oil  and 
when  the  ingredients  of  the  mixture  are  determined,  the  results  of  the  Maumen6 
test  can  be  used  for  calculating  their  relative  amounts.  The  iodine  test  can  be 
employed  to  check  this  result. 
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The  Mponification  test,  unless  miDer&l  or  roein  oil  be  suspected,  Deed  rarely  be 
reaorted  to;  the  reason  being  that  it  would  show  practically  nothing  regu^ng 
the  -nature  of  the  oil.  Except  in  the  case  of  castor  (Sapn.  No.  181),  rape 
(174),  fpenn  (135)  and  cocoanut  (260),  this  characteristic  is  about  193. 

Finally,  where  the  importance  of  the  case  will  warrant,  the  analyst  is  advised 
to  prepare  a  mixture  of  oils  using  the  proper  proportions  indicated  by  the  various 
tests,  and  subject  it  to  the  more  rapid  tests  as  the  specific  gravity,  viscosity, 
Maumen€  and  iodine  number.  In  making  out  the  report  of  analysis  it  should 
be  borne  in  mind  that,  excepting  in  the  case  of  the  special  test,  the  results  of 
ot-e  test  cannot  be  relied  upon  to  determine  the  nature  of  an  oil,  but  the  evidence 
d  all  the  tests  here  given  should  I>e  carefully  compared  and  weighed  before 
rendering  a  final  verdict :  in  consideration  of  the  fact  of  the  wide  variation  of  the 
rharacteristics  of  the  oils,  it  is  futile  to  report  the  quantities  of  oil  found  in  & 
mixture  more  closely  than  1%.     * 


PETROLEUM  PRODUCTS 
(a)   Burning  Oils 

The  t«8ts  or  determinations  to  be  made  are,  in  the  order  of  their  importance, 
flash,  lire,  specific  gravity,  distillation,  sulphur,  free  acid,  sulphuric  acid,  mineral 
nits  and  wat«r.    In  some  cases  the  color  is  determined. 

Fluh  Test  or  Point  By  flash  point  we  understand  the  lowest  temperature 
to  which  an  oil  must  be  heated,  to  give  off  vapora  which  when  mixed  with  air  pro- 
<hice  an  explosive  mixture.  The  results  of  this  test  will  vary  according  to  tiw 
quantity  of  air  over  the  surface  of  the  oil,  and 
cbether  this  be  moving  or  stiU;  also  according 
lo  the  distance  of  the  testing  flame  from  the 
wrfaoe  of  the  ml.  Furthermore,  the  size  of 
tliia  testing  flame,  the  length  of  its  time  of 
ution,  its  form  and  dimensions,  and  lastly,  the 
maoQer  of  heating  the  oil,  will  all  influence 
the  result.' 

Any  cBuae  producing  the  rapid  evolution  of 
I  large  amount  of  petroleum  vapor  tends  to 
lower  the  flash  point.  Barometric  changes  are, 
'or  pnctica]  work,  ne^igible,  each  5  mm.  caus- 
ing a  variatjon  of  but  0.1°  C. 

Dtlermtnatian  by  Ihe  "  Ntw  York  State 
iwrri  of  BttUth  Tnter."  The.  apparatus, 
fig.  i6,  conmsts  of  a  copper  oil  cup,  D,  hold- 
ingiboot  10  oa.,  the  quantity  usually  contained  ' 
in  lunps,  heated  in  a  water  bath  by  a  small 
Bnuen  flame.  The  cup  is  provided  with  a 
KIw  cover,  C,  carryii^  a  thermometer,  B,  and 
'^g  flame — a  small  gas  flame  one-quarter  of  an  inch  in  length. 

Uanpulation.     After  describing  the  apparatus  minutely,  the  regulations  of 


Fia.  86.— N.  Y.  Tester. 
1  hole  for  the  insertion  of  the 


■  Edgier  and  Haasc,  Z.  Anal.  Chem.,  20,  3,  1881. 
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the  New  York  ^State  Board  of  Health  say,'  "  (2)  The  test  shall  be  applied  ac- 
cording to  the  following  directions: 

"  Remove  the  oil  cup  and  fill  the  water  bath  with  cold  water  up  to  the  m&A 
on  the  inside.  Replace  the  oil  cup  and  pour  in  enough  oil  to  fiil  it  to  within  one- 
eighth  of  an  inch  of  the  flange  joining  the  cup  and  the  vapor-chamber  above. 
Care  must  be  token  that  the  oil  does  not  Sow  over  the  flange.  Remove  all  air- 
bubbles  with  a  piece  of  dry  paper.  Place  the  glass  cover  on  the  oil  cup,  and  ao 
adjust  the  thermometer  that  it«  bulb  shall  be  just  covet«d  by  the  oil. 

"  If  an  alcohol  lamp  be  employed  for  heating  the  water  bath,  the  wick  should 
be  carefully  trimmed  and  adjusted  to  a  small  flame.  A  enteJl  BuDsen  burner 
may  be  used  in  place  of  the  lamp.  The  rate  of  heating  should  be  about  two 
degrees  per  minute,  and  in  no  case  exceed  three  degrees. 

"  As  a  flash  torch,  a  small  gas  jet  one-quarter  of  an  inch  in  length  should  be 
employed.  When  gas  ia  not  at  hand  employ  a  piece  of  waxed  linen  twine. 
The  flame  in  this  case,  however,  should  be  smaU. 

"  When  the  temperature  of  the  oil  has  reached  85°  F.  the  testings  should  com* 
mence.  To  this  end  insert  the  torch  into  the  opening  in  the  cover,  passing  it  in 
at  such  an  angle  as  to  well  clear  the  cover,  and  to  a  distance  about  half-way 
between  the  oil  and  the  cover.  The  motion  should  be  steady  and  uniform,  r^d 
and  without  any  pause.  This  should  be  repeated  at  every  two  degrees'  rise 
of  the  thermometer  until  the  temperature  has  reached  95",  when  the  lamp 
should  be  removed  and  the  testings  should  be  made  for  each  degree  of  temper- 
ature until  lOO"  ia  reached.  After  this  the  lamp  may  be  replaced  if  Deceasary 
and  the  testings  continued  for  each  two  degrees. 

"  The  appearance  of  a  slight  bluish  flame  which  passes  over  the  entire  sur- 
face shows  that  the  flashing-point  has  been  reached. 

"  In  every  case  note  the  temperature  of  the  oil  before  introducing  the  torch. 
The  flame  of  the  torch  must  not  come  in  contact  with  the  oil. 

"  The  water  bath  should  be  iilled  with  cold  water  for  each  separate  test,  and 
the  oil  from  a  previous  test  carefully  wiped  from  the  oil  cup." 

For  the  determination  with  the  open  tester  (Ta^iabue's  email)  reference 
may  be  had  to  the  author's  "  Short  Handbook  of  Oil  Analysis";  for  the  test  with 
the  closed  tester,  Abel's  or  Abel-Fensky,  or  Holde's  "Examination  of  Hydrocarbon 
Oils  "  translated  by  Mueller. 

Fire  Test  The  fire  test  of  an  oil  is  the  lowest  temperature  at  which  it  will 
give  oS  vapors  which  when  ignited  wUl  bum  continvotisty.  It  is  made  by  con- 
tinuing to  heat  the  oil  {the  cover  being  removed  in  the  case  of  a  closed  teeter 
without  slipping  out  the  thermometer)  at  the  same  rate  after  the  flash  test 
is  made  and  noting  the  point  as  indicated  above.  The  flame  is  extinguished  by  a 
piece  of  asbestos  board  and  the  heating  di.'Knsntinued.  In  the  case  of  many 
illuminating  oils  this  point  is  from  10°  to  20°  F.  higher  than  the  fla^  point. 

In  the  case  of  "  Mineral  Sperm  "  (300°  F.  fire  test  oil)  these  testa  should  be 
made  with  the  instrument  for  lubricating  oils  (page  11 19).  The  heating  ehould 
be  at  the  rate  of  10°  F.  per  minute,  and  the  testing  flame  first  applied  at  230°  F- 
and  then  e^'cry  seven  degrees  until  the  flashing-point  ia  reached. 

The  most  satisfactory  way  of  making  these  tests  is  to  place  the  watch  upon  the 
desk  and  read  the  thermometer  at  the  expiration  of  every  minute,  noting  down 
each  reading  in  the  proper  column  in  the  laboratory  note-book. 

>  Report  of  the  New  York  State  Board  of  Health,  1882,  p.  495. 
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cGrtviQp:  (a)  By  the  Hydra  meter.  A  hydrometer  jar  is  fouT-fifthB 
filled  with  the  oil,  a  verified  Baum£  hj-drometer  introduced  into  it,  and  the 
depth  read  off  to  which  the  instrument  sinks  into  the  oil.  Thiit  may  be  effected 
by  placing  a  strip  of  white  paper  back  of  the  jar  and  noting  the  point  at  which 
the  lower  meniscus  of  the  oil  touches  the  scale.  The  temperature  of  the  oil 
iBtakenatthesametime.andincaseitbenot  60°F.  (15.5°  C),  subtract  1°  Baum^ 
from  the  hydrometer  reading,  for  every  10°  F.  it  is  higher  than  60°,  and  add  1° 
Baum£  for  every  10°  F.  it  is  lower  than  60°  F.  In  practice  this  can  be  done 
by  Tagliabue's  "  Manual  for  Inspectors  of  Coal  Oil,"  which  gives  the  readings  at 
eO'  F.  for  any  gravity  from  20°  to  100°  Baum^,  between  20°  and  109°  F.     The 


„  B°  representing  the  read- 


speciGc  gravity  may  be  found  by  the  formula'  joXt  iio. 

ing  Baumi  at  15.5°  C. 

(b)  By  the  We»tpkal  Balance.  This  is  a  specially  constructed  instrument, 
1^.  87,  with  a  glass  plummet  carrying  a  thermometer  counterbalanced  by  a  weight. 
Upon  immersing  the  plummet 
liquid  the  positions  of  the  weights,  j 
which  must  be  added  to  restore  the 
equilibrium,  represent  the  specific  grav- 
id directly.  The  largest  weight  repre- 
aenls  the  first  decimal  place,  the  next 
tlie  second,  and  so  on.  The  instrument 
is  placed  upon  a  level  table,  and  by 
meuu  of  the  leveling  screw  is  brought 
into  adjustment — i.e.,  so  that  the  point 
npm  the  beam  is  exactly  opposite  the 
poiot  upon  the  fixed  part. 

lite  plummet  is  now  placed  in  the 
rial  or  t^lance  jar  containing  the  oil, 
cooled  to  15.5°  C,  hung  upon  the  bal- 
uce,  being  careful  completely  to  im- 
aoK  it  in  the  oil,  wei^te  added  to 
wtore  the  equilibrium,  and  the  specific 
mrity  read  off  as  above  described. 

Care  should  be  taken  that  the  plum- 
met does  not  touch  the  sides  of   the 
jar  or  vial.    For  solid  fats  and  some  oils  vhe  specific  gravity  is  taken  at  100°  C, 
UBog  a  special  plummet. 

Distillation  Test:  En^^r's  Method.  Engler  uses  a  special  boiling  flask, 
6.3  cm.  in  diameter,  with  neck  15  cm.  long,  and  with  the  side  tube  about 
B  m.  from  the  springing  of  the  bulb;  this  is  connected  with  a  Liebig  condenser 
ud  heated  by  a  small  lamp  with  a  shield. 

Oce  hundred  cubic  centimeters  of  the  oil  are  measured  into  the  boiling  flask 
ud  distilled  at  the  rate  of  2  to  2.5  cc.  per  minute,  the  distillate  being  caught 
''1125-cc.  burette  or  graduate.  When  the  distillation  is  to  be  broken,  the  lamp 
'^wild  be  taken  away  and  the  temperature  allowed  to  sink  20°  and  again  brought 
^  t^K  breaking  or  fractionating  point,  as  long  as  any  considerable  quantity  goes 
irer.  The  distillation  is  first  broken  at  150°  C,  and  then  each  50°  until  290°C. 

*  This  formula  applies  to  Uquids  lighter  than  water. 


— Wesphal  Balance. 
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IB  reached;  in  this  way  a  much  better  idea  of  the  value  of  the  oil  is  obtained  thar 
if  the  distillation  were  allowed  to  proceed  continuously  between  these  points. 
The  lighter  portions,  for  example,  those  between  160  and  200°,  bum  modi 
better  than  those  between  250  and  290° ;  the  heavy  portions  of  Americaa  petn>- 
leum  bum  much  better  than  those  of  the  Russian  oils. 

The  averages  from  four  samples  of  Caucasian  and  ten  samples  of  Americao 
oils  subjected  to  this  test  were  as  follows,  in  per  cent  by  volume:* 


IWow  ISO*  C. 

lJO-290- 

1  Above  MO-  C 

86.6 
67.1 

Detennination  of  Sulphur.'  The  deleterious  effect  of  the  oxides  of  sulf^ur 
upon  hangings  and  bindings— as  well  as  upon  the  human  system— is  w^ 
known,  sulphuric  acid  being  their  ultimate  product.  The  sulphur  exists  in  com- 
tdnation,  partly  as  compounds  formed  from  the  sulphuric  acid  used  in  refining 
and  partly  as  alkyl  sulphides.  Its  qualitative  detection  may  be  effected  by  beat- 
ing the  oil  to  its  boiling-point  with  a  bright  piece  of  sodium  or  potassium.  If 
sulphur  compounds  be  present,  a  yellowish  layer  is  formed  upon  the  metal. 
After  cooling  add  distilled  water  drop  by  drop  until  the  metal  is  dissolved,  and 
test  for  sulphides  with  sodium  nitropnisside. 

For  the  quantitative  determination  of  sulphur  1  to  1}  grams  of  the  oil  are 
burned  in  a  calorimetric  bomb  containing  10  cc.  of  water  and  oxygen  under  a 
pressure  of  30  atmospheres.  A  lower  pressure  sometimes  gives  inaccurate  results. 
If  the  sample  contains  more  than  3%  sulphur,  the  bomb  is  allowed  to  stand 
in  its  water  bath  for  fifteen  minutes  after  ignition  of  the  charge.  The  bomb 
is  allowed  to  cool  fifteen  minutes,  opened,  and  its  contents  washed  into  a 
beaker.  If  the  bomb  has  a  lead  washer,  5  cc,  of  a  saturated  solution  of  sodium 
carlnnate  is  added,  the  contents  are  heated  to  the  boiling-point,  boiled  for  ten 
minutes  and  filtered.  This  is  necessary  to  decompose  any  lead  sulphate  from 
the  washer.  The  united  washings  are  filtered  and  neutralized  with  HCi,  using 
methyl  orange  as  an  indicat^jr.  The  neutralized  solution  is  poured  into  the 
tube  of  the  Jackson  turbidimeter,'  diluted  to  near  the  lOO^c.  marie,  shaken, 
then  acidified  with  1  cc.  of  1  :  1  hydrochloric  acid,  made  up  to  the  marie  and 
mixed  well  by  taking.  One  of  the  barium  chloride  tablets  is  then  dropped  in* 
and  the  tube  closed  by  a  clean  rubber  stopper.  The  tube  is  then  tilted  up  and 
down,  causing  the  tablet  to  roll  back  and  forth  through  the  solution  by 
gravity.  When  the  precipitation  appears  to  be  complete,  the  remainder  dS 
the  tablet  may  be  dissolved  by  rapidly  rotating  the  tube;  violent  shaking  should 
be  avoided.  The  turbid  liquid  is  transferred  to  a  beaker,  the  candle  lighted,  a 
small  quantity  of  the  liquid  poured  into  the  glass  tube  to  prevent  overheating 
and  cracking,  and  the  tube  put  in  place.  More  of  the  liquid  is  ttien  poured 
in,  allowing  it  to  run  down  the  side  of  the  tube,  rapidly  at  first,  until  the  image 
of  the  flame  becomes  dim,  then  more  slowly,  waiting  a  minute  after  each  addi- 


2997  1912 

'  iHuer,'  J.  Ind.  and  Eng.  ChRin    8,  556,  191 1. 

'  From  the  Krazer  Tablet  Co.,  Brooklyn,  N.  Y.;   or  1  gram  of  barium  chkiride  is 
dilute  solution  can  be  slowly  addud.  * 
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Ikn  until  the  liquid  in  the  tube  is  quiet,  and  continuing  thus  until  the  image  of 
the  flame  just  disappears.  The  depth  of  the  liquid  ia  centimeters  is  noted 
aod  tite  weight  of  sulphur  found  from  the  table  on  pages  1220  and  1221.  The 
nuxture  is  returned  to  the  beaker,  poured  back  and  forth  from  beaker  to  tube 
two  or  three  times  and  read  again  as  before. 

Or  the  barium  sulphate  can  be  determined  in  the  usual  way  gravimetric- 
lUy.  In  case  a  turbidity  too  low  to  be  read  with  the  apparatus  be  obtained, 
>  larger  quantity  of  oil  must  be  used.  Gasolines  and  light  oils  can  be  weighed 
«it  in  a  gelatin  capsule. 

The  percentage  of  sulphur  in  a  kerosene  should  not  exceed  0.05;  the  Penn- 
eyivania  oils  contain  usually  0.02  to  0.03,  the  Lima  0.04  to  0.05.' 

Detection  of  Acidity.  Shake  equal  quantities  of  oil  and  warm  water  in  a 
tot-tube,  pour  off  the  oil,  and  test  the  water  with  litmus  paper.  If  the  water  be 
■boDj^y  acid,  the  quantity  may  be  determined  as  in  "  Free  Acid,"  p^e  596. 

The  acid  in  this  case  is  most  probably  sulphuric,  coming  from  the  refinii^ 
{ncess. 

Sulphuric  Add  Test.  The  object  of  this  test  is  to  judge  of  the  degree  of 
rrfnement  of  the  oil,  a  perfectly  refined  oil  giving  little  or  no  color  when  sub- 
mitted to  the  process.  One  hundred  grams  of  oil  and  40  grams  of  sulphuric  acid, 
1.73  specific  gravity,  are  shaken  together  for  two  minutes  in  a  glass-stoppered 
I  bottle  and  the  color  of  the  acid  noticed.  For  comparative  work  this  color  is 
matched  by  solutions  of  Bismarck  brown.' 

Mineral  Salts.  Salts  of  calcium  or  magnesium  when  dissolved  in  the  oil 
diminish  ita  illuminating  power;  their  action  is  to  form  a  crust  on  the  wick 
tod  prevent  access  of  air. 

Redwood  *  states  that  0.02  gram  of  either  of  these  salts  in  1000  grams  of  oil 
ilimiiuahea  the  iUuminatmg  power  30  to  40%  in  eight  hours. 

They  are  determined  by  distilling  100  to  200  cc.  of  the  oil  down  to  about  20 
K;  evaporating  and  igniting  this  residue,  and  subsequently  treating  with  hydro- 
chknic  add.     The  calcium  and  magnesium  are  then  determined  in  the  usual  way. 

Detenninatlon  of  Water.  By  rubbing  the  oil  t<^ether  with  a  little  eosin  on 
t0Bm  plate  the  oil  will  take  on  a  pink  color  if  water  be  present. 

llie  evaporation  method  is  approximate  and  applicable  only  to  heavy  oils 
UkI  greases.     Its  accuracy  even  frith  heavy  greases  is  questionable. 

Dilute  *  the  oil  with  an  equal  volume  of  benzol,  whirl  it  vigorously  in  a  cen- 
tiifuge  until  the  separated  layer  of  water  does  not  appear  to  increase  in  volume. 
However,  as  water  is  somewhat  soluble  in  any  diluent  used  and  also  in  oils, 
1  pwtion  of  the  water  content  will  fail  to  appear,  consequently  the  method 
in  i^ch  a  diluent  is  used  cannot  be  considered  accurate.  It  is  advisable  first 
to  aptate  the  diluent  vigorously  with  water  and  then  to  separate  with  the 
nnlnfuge  in  order  to  saturate  it  with  water  before  using. 

Groschuff  ■  Btotes  that  100  grams  of  benzene  will  dissolve  0.03  gram  of  water 
It  3'  C.  and  0.337  gram  of  water  at  77°  C,  whereas  petrolemn  products  (dens- 
i^a792}  will  dissolve  from  0.0012  gram  at  2°  C.  to  0.097  gram  at  94°  C. 


*].  8oc  Chem.  Ind.,  IB,  678,  1896. 
■Din^,  PoL  J..  8U,  427,  1SS7. 
'Rqwrted  by  Allen  and  Jacbbe.  Bureau  of  Mines  Technical  Paper  No.  26,  1912. 
'Gruchuff,  £-,  "The  Solubility  of  Water  in  Benzene,  Petroleum  and  Paraffin  ii 
%"  Cbeni.  Abe.,  t,  2S50,  1911. 
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While  water  to  the  extent  even  of  3  or  4%  is  apparently  without  influence  oa 
the  viscosity,  1%  extinguishes  the  flame  when  making  the  flash  test. 

Color.  This  test  has  lost  its  importance  since  oils  are  sometimes  satis- 
factory despite  their  yellow  color.  The  determination  is  usually  made  with  the 
Stammer  colorimeter  in  which  the  depth  of  the  oil  is  changed  in  a  cylinder  until 
it  matches  the  color  of  a  standard  pkte  of  uranium  glass.  Standard  white 
oil  requires  a  depth  of  60  mm.  and  water  whit«  from  300-320  mm.  to  match  the 
color  of  the  plate. 

For  a  cut  of  the  instrument  and  method  of  using,  reference  may  be  had  to 
flolde's  "  Examination  of  Hydrocarbon  Oils,"  trantQated  by  Mueller,  page  52. 

(b)  Lubricating  Oils 

The  t«sts  to  be  made  are,  in  the  order  of  their  importance,  viscosity,  spedGc 
gravity,  evaporation,  cold  test,  flush  test,  fire  test,  test  for  soap,  carbon  residue 
test,  friction  test.  Saponihration  value,  tarry  matter  insoluble  in  88°  naphtha, 
and  added  impurities  are  also  determined. 

The  oJfice  of  a  lubricant  is  to  prevent  the  attrition  of  axle  and  journal  box  by 
interposing  it^lf  between  them  in  a  thin  layer,  upon  which  the  shaft  revolves. 
The  ideal  lubricant  is  tliat  which  has  the  greatest  adhesion  to  surfaces  and  the 
least  cohesion  among  its  own  particles,  or,  as  the  practical  man  expresses  it,  the 
most  fluid  oil  that  will  do  the  work  and  stay  in  place.  The  determination  of  its 
viscosity  or  "  body  "  is  then  of  the  first  importance. 

\nscosi^  is  the  degree  of  fluidity  of  an  oil  or  its  internal  friction.  It  ia  inde* 
pendent  of  the  specific  gravity  of  the  oil,  although  this  in  the  pipette  instruments 
influences  the  time  of  efflux.  Within  certain  limits  it  may  be  ti^en  as  a  measure  of 
the  value  of  oil  as  a  lubricant,  by  comparing  the  viscosity  of  the  oil  under  examina- 
tion with  that  of  other  oils  which  have  been  found  to  yield  good  resulto  in  practice. 

The  instruments  employed  for  its  determination  may  be  divided  into  two 
classes — pipette  viscosimeters,  giWng  the  time  of  efflux,  as  those  of  Engler, 
Saybolt,  and  others,  and  torsion  viscosi meters,  giving  the  retardation  due  to 
the  oil,  tho.se  of  Mnciniohacl  and  Doolittle. 

In  expressing  viscosity,  consequently,  it  is  necessary  to  give  the  name  of  the 
instrument  with  which  it  is  determined.  It  ia  sometimes  expressed  as  specific 
viscosity,  that  is,  the  time  of  the  oil  divided  by  the  time  of  water;  this  is  only 
comparative  when  done  mth  in.slniments  of  the  same  name,  that  is,  specific  vis- 
cosity Engler  is  not  the  same  figure  as  specific  viscosity  Saybolt.  Besides  this 
manner  of  expressing  viscosity,  it  is  occasionally  measured  ia  absolute  (C.G.S.) 
units  or  dynes.  This  is  pos!5il)lc  when  the  diameter  of  the  orifice,  its  length,  the 
quantity  and  specifii;  gravity  of  the  oil,  its  time  of  efflux  and  change  of  head  are 
known.  Where  it  is  impracticable  to  determine  all  these  data,  by  direct  measure- 
ment'i,  the  re-ikdings  of  a  viscosinieter  may  be  changed  into  dynes  by  determine 
it^  the  viscosity  in  seconds  of  standard  solutions  of  glycerine,  the  viscosity  of  these 
being  determined  in  dynes  from  tables  of  ph>'sical  constants.  Or  it  may  be  done 
by  use  of  the  the  tables  on  pages  1117  and  1151. 

Engler  Apparatus.  DeiicTijition.  The  apparatus  (Pig.  ^8)  consiBta  of  a  flat* 
brass  cylindrical  vessel.  A,  106  mm.  in  diameter  and  about  Q2  mm,  deep,  holding 
240  cc,  provided  with  a  jet  2.9  mm.  in  diameter  and  20  mm.  loi^.  This  vesel 
is  gilt  inside  and  the  jet,  in  the  standard  instruments,  is  of  platinum — ordinarily 
it  is  made  of  brass;  the  vessel  is  surrounded  with  a  bath,  B,  either  of  water  or 
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Fia.  88. — Eogler  Viscoairaelcr. 


at,  provided  with  a  stirrer  and  heated  by  a  ring  burner.     The  jet  is  closed  by  the 

WMden  valve,  ¥,  passing  through  the  cover,  and  a  thermometer,  c,  shows  the 

temperature  of  the  oil;   three  studs  show  the  height  to  which  A  is  filled  and 

it  the  same   time  wiien  it  is  level.     The  oil 

ordinarily  is  discharged  into  the  200-cc.  flask, 

tithough  in  case  the  oil  or  time  be  limited,  100 

or  50  cc.  may  be  used  aod  the  time  of  efflux 

multiplied  by  a  suitable  factor.    The  instrumeat 

is  standardized  with  water,  200  cc.  of  which  at 

.  20°  C.  should  run  out  in  from  50  to  52  seconds. 

Mnmpulati  n.      The    instrument    is    thor- 

oaghly  cleaned  with  alcohol  and  ether  if  neces- 

>uy  and  dried ;  any  suspended  matter  is  removed 

Irom  the  oil,  which  is  poured  into  it  up  to  the 

leii'd  of  the  studs,  stirred  until  20°  C.  is  reached 

uidtbe  bath  adjusted  to  the  same  temperature. 

The  fiask  is  plated  beneath  the  orifice,  the  plug 

nieed  and  the  time  required  for  200  cc.  of  oil 

to  flow  out  is  noted;    this  is  divided    by  the 

Titer  value  of  the  instrument  and  gives  then 

feUtive  or  specific  viscosity.    If  only  50  cc.  are 

iDowed  to  run  out  the  time  must  be  multiplied  by  5,  and  if  100  cc,  by  2.35.    If 

only  50  cc.  were  put  in  and  40  cc.  allowed  to  run  out,  multiply  this  time  by  3.62 

to  obtain  the  time  for  200  cc;  if  66  cc. 

and  50  cc.  run  out,  multiply  by  2.79.'    If 

it  be  desired  to  express  the  viscosity  in 

absolute  measure  (C.G.S.  unite)  it  can  be 

done  by  reference  to  the  t.ible  on  page 

1151.  It  should  be   noted  that  specific 

viscosity  obtained  with  a  different  type 

of  instrument,  e.g.,  the  Saybolt,  is  not ' 

the  same  as  with  the  Engler. 

The  SayboU  Vhcotimeter.*  — The 
Standard  Universal  Viscosimeter  is  the 
one  now  used  for  testing  cylinder,  valve, 
and  similar  oils  at  210°  F.;  educed  black 
oils  at  130°  F.;  :pindle,  paraffin,  red, 
and  other  distilled  oils  at  100°  F. 

The   Vntveraal    Viscosimeter.     De- 
scriptitn.    This  consists  of  a  brass  tube, 
Fio.  89.— S«yboll  Viscosimeter.  -*.  forming  the  body  of  the  pipette  pro- 

vided with  a  jet.  A'.     The  upper  part  of 
w  pipette  is  surrounded  with  a  gallery,  B,  which  enables  a  workman  to  fill  it  to 

'Gana,  Cbem.  Revue  der  Fett  und  Harz.  Ind.,  6,  221,  1899. 

■Redwood,  J.  8oc.  Chem.  Ind.,  6,  124,  1886.  This  was  formerlv  made  in  three 
«Ba  A,  B,C.  Apparatus  *•  A  "  was  the  standard  tor  testing  at  70°'F.  Atlantic  Red, 
JwmtL  and  other  distiUed  oils;  "  B  "  for  testing  at  70°  F.  Black  Oils  of  0°,  15° 
« .ana  30*,  Cold  Test,  and  other  reduced  oils  up  to,  but  not  including,  Summer  Cold 
jWOiL  Apparalufl  "  C  "  wbb  used  for  testing  at  212°  F.  Reduced,  Summer,  Cylinder, 
FHtmd  CyUnder,  XXX  Valve,  28.5'"  Bf .,  and  other  heavy  oils. 
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the  same  pcnnt  every  time.  The  pipette  is  contained  in  a  water  bath,  C,  Jirtiidi 
can  either  be  heated  by  steam  or  a  ring  burner,  D;  a  tin  cup  with  spout,  a  straiDer, 
thermometer,  pipette  with  rubber  bulb,  stop  watch,  and  beaker  for  waste  oil 
complete  the  outfit.  It  may  be  used  for  testing  cylinder,  valve,  and  similar 
oils  with  bath  at  212"  and  oU  at  210°;  for  testing  reduced,  black  oils,  bath  and 
oil  at  130°;  for  testing  spindle,  parji&n,  red  and  other  distilled  oil  bath  end  oil 
at  100°,  When  used  for  testing  at  212°  F.,itmay  be  used  with  either  gas  or  steam 
alone  or  both  in  combination.  If  with  both,  the  steam  may  be  introduced 
slowly,  more  for  ite  condensation  to  replace  evaporation  than  for  real  heating  pur- 
poses, depending  upon  the  gas  flame  to  reach  the  boihng-point,  and  keeiMng 
it  there  during  the  operation  of  test.  The  bath  vessel  should  always  be  kept 
full  during  a  test,  whether  at  212°,  130",  or  100°.  When  used  at  130°  or  100°, 
gas  alone  is  used  to  bring  the  bath  to  the  prescribed  temperature,  and  turned  off 
during  the  operation  of  teat,  the  large  else  of  the  bath  usually  permitting  D 
one  test  without  reheating. 

Its  dimensions  are  as  follows;' 

Diameter  of  overflow  cup 61 .0 

Depth  of  overflow  cup 13.0 

Diameter  of  pipette  A 30.0 

Depth  from  starting  head  to  outlet  jet 113.0  mm. 

Length  of  outlet  jet 13.0 

Diameter  of  outlet  jet 1.8 

Capacity  of  pipette  A 70  cc. 

Manipulation.  1,  Have  the  bath  of  water  prepared  at  the  prescribed  tem- 
perature. 

2.  Have  the  oil  strained  into  one  of  the  tin  cups,  in  which  cup  it  may  be 
heated  up  to  about  the  standard  temperature. 

3.  Clean  out  the  tube  with  some  of  the  oil  to  be  tested  by  using  the  plunger 
sent  with  the  instrument. 

4.  Place  the  cork  {as  little  distance  as  pos^ble)  inte  the  lower  outlet  cout^ing 
tube  just  enough  to  make  air-tight,  but  not  far  enough  to  nearly  touch  the  small 
outlet  jet  of  the  tube  proper  {one-eighth  to  one-quarter  of  an  inch  may  be  enough). 

6.  Four  the  oil  from  the  tin  cup  (again  through  the  strainer)  into  the  tube 
proper  until  it  overflows  into  the  overflow  cup  up  to  and  above  the  upper  edge  of 
tube  proper, 

6.  Now  again  see  that  the  bath  is  at  the  prescribed  temperature. 

7.  Use  the  thermometer  sent  with  the  instrument  by  stirring  to  bring  the 
oil  just  to  the  standard  temperature. 

8.  Remove  the  thermometer. 

ft.  Draw  from  the  overflow  cup,  with  a  pipette,  all  the  surplus  oil  down  to  and 
below  the  upper  edge  of  tube  proper.     This  insures  a  positive  starting  head. 

10.  Place  the  60-cc.  flask  under  and  directly  in  line  with  the  outlet  jet,  and  as 
close  to  the  coupling  tube  as  is  practicable  to  permit  of  room  for  drawing  the  coik, 

11.  With  the  watch  in  left  hand  draw  the  cork  with  the  right,  and  simultane- 
ously start  the  watch. 

12.  The  time  required  in  the  delivery  of  60  cc.  is  the  viscosity. 

13.  Clean  out  the  tube  proper  before  each  test  with  some  of  the  oil  to  be  tested. 

14.  No  drill  or  other  instrument  should  ever  be  used  in  the  Email  outlet  jet  of 
tube  proper. 

'  Private  c 
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The  tube  should  be  cleaned  out  before  each  test  with  some  of  the  oil  to  be 
tested.  Black  oils  or  any  oil  containing  sediment  should  be  carefully  strained 
before  testing  or  "  running,"  as  it  is  technically  tenned.  The  inatniments  should 
be  carefully  guarded  from  dust  when  not  in  use. 

The  resulte  obtained  with  this  instrument  are  not  the  same  in  many  cases 
u  those  fumiflhed  by  the  A,  B,  and  C  instraments,  but  they  seem  to  have  been 
Hkipted  by  the  trade  generally. 

It  is  worth  noting  that  3  or  4%  of  water  are  apparently  without  influence  on . 
the  viscosity. 

HacHichael's  Viscosimeter.  This  is  an  instrument  of  the  torsion  type 
in  which  a  disk  is  syspended  in  a  cup  of  fluid,  the  latter  being  rotated, 
uid  the  torsion  it  produces  on  the  di.ik  noted.  The  disk  is  suspended  by  a 
gold-plated,  steel  wire  10  inches  long,  held  between  two  grooved  pins  at  the 
top  of  the  standard.  The  brass  cup  is  oil  jacketed,  the  oil  covering  the  wires 
J  inch  and  heated  electrically,  or  it  may  be  cooled  by  ice  or  brine.  A  bent 
thermometer  passing  through  the  cover  indicates  the  temperature,  which 
may  be  controlled  ca.-4ily  within  a  fraction  of  a  degree.  The  graduated  dial  at 
the  top  of  the  disk  is  rotary  and  may  be  ea.sily  set  to  0°.  A  daah  pot  filled 
^ith  engine  oil  on  the  stem  of  the  disk  damps  the  action  of  the  motor.  In 
operating,  the  instrument  is  levelled,  the  cup  is  filled  to  the  mark  with  the 
Buid  to  be  tested  (about  100  cc),  the  temperature  adjusted,  the  cup  rotated 
and  the  readings  of  the  dial  noted.  These  are  in  degrees  of  angular  deflection, 
300  to  the  circumference,  and  noted  as  °  M.  =  1/1000  poise.  Water  at  20° 
should  read  10°  M.  The  smallest,  or  "practical  unit"  is  1°  M.:  by  changing 
the  decimal  point,  practical  units,  absolute  units  or  specific  viscosity  may  be 
obtuQed  at  one  reading  of  the  dial,  no  calculations  being  required.  Three 
strengths  of  wire  are  supplied,  gi«nK  water  reaiJings  of  1°,  10°,  and  100°, 
covering  ranges  of  viscosity  to  5000°  M.  or  5  poise. 

The  instrument  should  be  calibrated  by  solutions  of  pure  granulated  sugar 
dried  over  sulphuric  acid,  the  absolute  viscosity  of  which  is  shown  below. 
The  accuracy  of  the  instrument  ia  well  within  0.5  per  cent.  The  instrument  is 
Wt?  rapid,  the  time  required  for  a  reading  being  very  short.  It  can  be  applied 
to  colloidal  or  lumpy  solutions  or  suspensions,  as  limes,  clay,  glues,  gums 
explosives,  paints  or  catsups. 

VISCOSITY  IN  CENTIP0I8ES  OF  SUGAR  SOLUTIONS' 
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>  Bingham  &  Jackson,  Bureau  Standards  Bulletin,  No.  298  (1917). 
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Absolute  VtscotUff.  This  expresses  viscosity  in  dynes,  that  is,  the  force  neces- 
Bary  to  produce  the  acceleration  of  I  cc.  per  second  on  the  mass  of  a  gram. 
It  13  independent  of  the  instrument  used;  Engler  numbers  can  be  converted  to 
absolute  viscosity  by  the  fallowing  factors: 

Eaclcr  No.  Absoluts  ViHoiity  DynH  prr  Sq.Ciu.' 

1 0.01006Xspeci£c  gravity 

2 0.1146  xepecifio  gravity 

5  0.353     Xspecific  gravity 

10 0.726     Xspecific  gravity 

20 1,46      Xspecific  gravity 

30 2. 10       Xspecific  gravity 

60 4.38      Xspecific  gravity 

The  Engler  numbers  of  5  or  over  are  quite  nearly  proportional  to  the  absolute 
viscosities. 

Specific  Gravity.    See  under  Burning  Oils,  page  1111. 

Evaporation  Test'  The  object  of  this  test  is  to  determine  what  percentage 
of  an  oil — more  especially  a  spindle  oil — is  volatile  when  exposed  to  nearly  the 
same  conditions  as  it  is  on  a  bearing. 

The  oil  is  exposed  upon  annular  disks  of  filter-paper  1|  in.  outride  diameter, 
with  hole  i  in.  in  diameter,  which  have  been  standing  in  a  sulphuric  acid 
desiccator  for  several  daj-a,  contained  in  a  flat  watch-glass. 

ManipuiaHon.  The  watch-glass  and  paper  are  weighed— ^to  tenths  of  a  milli- 
gram — and  about  0.2  gram  of  oil  brought  upon  it  by  dropping  from  a  rod, 
and  accurately  weighed.  The  watch^lass  is  now  placed  in  an  air  bath,  the 
temperature  of  which  remains  nearly  constant  at  60°  to  65°  Q.  (140°  to  150° 
F.),  and  heated  for  eight  hours.  It  is  then  cooled  and  reweighed,  the  loss  being 
figured  in  per  cent.  No  oil  should  be  passed  which  gives  an  evaporation  of  more 
than  4%. 

The  following  table  of  results  upon  some  spindle  oils  shows  the  relation  of 
gravity,  flash  point,  and  evaporation: 


G»vi.y. 

Fi«h,  *F. 

Fv.po..tio.. 

Grsvity. 

Fl-h,=F. 

Ev.pc„t,o». 

298 
318 
348 
348 
338 

7.0% 
4.4% 
2.0% 
1-0% 
1-4% 

,882 
-866 
.870 

352 
366 
384 
364 

0,9% 

1.7% 
0,8% 
1.7% 

.846 

.852 
.858 
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.    s  approxiniately  that  attained  by 

..  „  , ^ „  .  -     ir  running  two  hours,  thus  leaving  the  oil  exposed 

to  it  for  ei^t  houTH,  assuming  a  ten-hour  day. 

The  test  is  inportAnt  to  the  insurance  underwriter,  because  it  measures  the  amount 
ot  inflammable  material  sent  into  the  air,  and  hence  the  liability  to  cause  or  aid 
eonflagntions:  it  is  important  to  the  mill-owner,  as  it  indicates  the  quantity  of  oil 
Idt  upon  the  bearing,  hence  serving  its  purpose. 

The  test  ta  made  upon  other  oils  by  heating  them  six  htmrs  in  a  shallow  dish  to 
100°,  150°,  220,  or  300°,  sometimes  in  a  draft  of  air. 

Cold  Test  This  may  be  defined  as  the  temperature  at  which  the  oil  will  just 
flow. 

Manipvlatioji.  A  4rOi.  vial  is  one-fourth  filled  with  the  oil  to  be  examined, 
i  short,  rather  heavy,  thermometer  inserted  in  it,  and  the  whole  placed  in  a 
Intiing  mixture.  When  the  oil  has  become  solid  throughout,  let  it  stand 
one  hour;  the  vial  is  removed,  the  oil  allowed  to  soften,  and  thoroughly  stirred 
until  it  will  run  from  one  end  of  the  bottle  to  the  other.  The  reading  of  the 
thmnometer  is  now  taken  by  withdrawing  it  and  wiping  oS  the  oil  with  waste 
to  reader  the  mercury  visible.' 

The  chilling-point  ia  the  temperature  at  which  flakes  or  scales  b^n  to  form 
in  tbe  liquid,  and  is  determined  similarly,  by  cooling  the  liquid  5°  at  a  time. 

Frttnitg  MixtvrM.  For  temperatures  above  35°  F.  use  cracked  ice  and  water; 
betweenSSand 0°F. use tw^partsoficeandonepartof salt;  andfromOto  —SOT. 
uw  three  parts  of  crystallized  calcium  chloride  and  two  parta  of  fine  ice  or  snow. 
■\  still  more  convenient  means  b  by  the  use  of  solid  carbonic  acid  dissolved 
in  ether,  giviuK  -50°  F.  readily. 

The  preceding  method  is  open  to  quite  an  error  from  the  personal  equa- 
tion of  each  observer.    To  obviate  this  Martens '  proceeds  as  follows: 

The  oil  is  poured  into  a  U-tube  1  cm.  in  diameter,  16  cm.  high,  with  3  cm. 
ixlireen  the  bends,  to  a  depth  of  3  cm.;  it  is  then  placed  in  a  freezing  mixture, 
raokd,  and  connected  with  a  blast  at  a  constant  pressure  of  3  cm.  The  temper- 
iture  at  whicfa  tbe  oil  begins  to  flow  under  these  conditions  is  considered  as  the 
ocJdtest. 

Flash  Pcrint.  Several  forms  of  apparatus  for  testing  the  flash  point  of  tubri- 
raiing  oils  have  been  devised :  Pensky-Martens's  closed  tester  employing  a  stirrer 
i*  Used  in  Germany.  Martens  states  in  a  later  article  that  stirring  is  unneces- 
iTT.  In  this  country  an  open  cast-iron  or  spun  brass  cup—the  Cleveland  open 
ni|>-l}  in.  high  by  2}  in.  in  diameter,  heated  by  a  Tirrill  burner  in  an  air  bath  is 
quite  extensively  used.  Dudley  and  Pease  use  an  open  porcelain  dish  heated 
*itb  a  Bunaen  burner. 
I  TV  cup,  F^.  90,  is  filled  with  oil  to  about  i  in.  from  the  top  and  the 
tbermometer  is  suspended  so  that  the  bulb  is  just  immersed  in  the  oil.  The 
oil  is  heated  at  the  rate  of  10°  F.  a  minute  by  a  Bunsen  burner  with  a  pro- 
iwting  chimneyi  as  the  flash  point  is  approached,  a  test  is  made  for  every  rise 
I  ^  3°  by  dowly  passing  the  small  bead-like  test  flame  across  the  cup  near 
''*  thermometer.  The  oil  should  flash  near  the  thermometer  when  the 
mpet  point  ia  reached.  The  fire  test  is,  as  a  rule,  50°  to  80°  F.  higher  than  the 
Ml  pomt.  As  the  open-cup  tests  are  easily  afiected  by  drafts,  they  are  subject 
)■>  (Rois  irf  5°  F.    The  thermometers  used  should  be  compared  with  a  standard 

'Dudley  and  Peaae,  An.  Eng.  and  R.  R.  J,,  6»,  332,  1895, 

'Hitt.  kgl.  tech.  Verauchstetion;  abstr.  J.  Soc.  Chem.  Ind.,  0,  772,  1890. 
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and  corrected  for  etem  exposure.  When  this  is  done  it  ia  suggeeted  that ' 
be  added  to  the  readii^:  thus,  "  fiash  379°  F.  coir." 

Fire  Test  The  cover  is  supported  above  the  cup,  and  the  heatj 
application  of  the  teNtirg  flame  continued  as  in  making  the  flash  test. 

The  method  of  recording  is  the  same  as  in  the  case  of  the  ilturoinati 
one  column  for  times  and  another  for  temperatures.    Holde  '  finds  that  i 


I 


Fia.  90,— Cleveland  Cup. 


flashing  between  172°  C.  and  241°  C.  the  exact  quantity  of  oil  used  is  i 
importance.  In  these  particular  cases  a  diffcrcnte  of  filling  of  13  cc.  alU 
flash  point  only  1-1.5°  C.     For  the  effect  of  water  see  page  572. 

It  is  worthy  of  notice  that  the  free  fatty  (oleic)  acid  contained  in  an  tu. 
its  flash  point  apparently  in  proportion  to  the  quantity  present. 

■  J.  Soc.  Chem.  Ind.,  16,  322,  199T. 
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Detection  of  Soap.  To  iocreaae  th6  viBcosity  of  an  oil,'  resort  is  had  to  the 
UBo  of  "oil  pulp,"  "oil-thickener,"  or  "white  gelatin,"  usually  an  oleat«  of 
•huninum,  ttu>ugh  other  bases  may  be  present.  Its  disadvantages  are  that  it 
eauBes  the  oil  to  chill  more  easily  and  to  emulsify,  thus  increasing  the  friction. 
Furthermore,  it  is  precipitated  by  contact  with  water  or  steam,  causing  clogging 
d  the  machinery. 

The  test  depends  upon  the  fact  that  the  metaphosphates  of  the  earthy  and 
alkali  metals  and  aluminum  are  insoluble  in  absolute  alcohol.* 

The  test  is  applied  as  follows:  five  to  10  cc.  of  the  oil  to  be  tested  are  dissolved 
in  about  5  cc.  of  86°  gasoline  or  ether,  and  about  15  drops  of  the  phosphoric  acid 
tolution  (Appendix,  Reagents)  added,  shaken  and  allowed  to  stand;  the 
formation  of  a  ftocculent  precipitate  indicates  the  presence  of  soap.  An  idea 
of  the  kind  of  soap  can  be  often  gained  by  adding  an  alcoholic  solution  of  PtCI^. 
If  the  precipitate  becomes  crystalline  it  is  a  potash  soap;  if  it  dissolves,  soda, 
lame, or  magnesia;  if  unchanged,  alumina  or  iron. 

For  the  accurate  determination  of  these  compounds  a  known  weight  of  the 
oil  must  be  ignited,  the  residue  determined  and  quantitatively  examined. 

Caoutchouc.  Holde  *  states  that  1  to  2%  of  unvulcaniscd  caoutchouc  is  some- 
times added  to  oils  to  increase  their  viscosity.  This  may  be  detected  by  adding 
three  parts  of  alcohol  to  four  parts  of  the  ethereal  solution,  wliereby  the  rubber 
mattrial  is  precipitated  and  may  be  dried  and  weighed. 

Test  for  Fatty  Oils.  To  defect  small  quantities  of  fatty  oil  (J  to  2%)  Lux  * 
recommends  heating  a  few  cubic  centimeters  of  the  oil  for  fifteen  minut«s  with 
s>ine  bits  of  sodium  in  a  test-tube  in  an  oil  bath;  a  similar  test  is  made  with 
mdium  hydrate.  The  temperature  employed  should  be  for  light  oils  about  230°, 
for  dark  oils  250°.'  In  case  fatty  oil  be  present,  the  contents  of  one  or  both 
of  the  tubes  solidify  to  'a  jelly  of  greater  or  less  consistence  according  to  the 
anioiint  of  fatty  oil  present. 

The  quantitative  determination  of  these  oils,  as  for  example  in  cylinder  oils, 
>B  effected  after  the  manner  of  determining  the  eaponification  value  (p.  1131) 
« the  detection  of  un.sap<>nifiable  oils  in  fatty  oils  (page  1 132). 

Srhrciber  *  adopts  a  method  similar  to  Sweetham  and  Henriques,  in  that  he 
iHfwdves  5  grams  of  the  oil  in  25  cc.  of  benzole,  adds  25-50  cc.  N/2  alcoholic 
potash,  and  boils  for  half  an  hour  on  the  water  bath,  using  a  ^-ft.  glass  tube  as  a 
TOndenser. 

Gnmniiiig  Test^  This  is  designed  to  give  an  idea  of  the  amount  of  a 
chan^  that  may  be  expected  in  a  mineral  oil  when  in  use.  These  resinihed 
ffodurts  increase  the  friction  of  the  revolving  or  rubbing  surfaces.'  It  is  also  a 
iHanire  of  the  amount  that  an  oil  will  "  carbonize  "  in  a  gas  or  gasoline  engine 
•ylinder.  It  is  apphed  after  the  manner  of  the  elaidin  test,  by  thoroughly 
Buiiiig  together  5  grams  of  the  oil  in  a  cordial  glass  with  1 1  grams  of  nitroeul- 

,    'ha  case  which  came  to  the  writer's  notice  the  oil  would  not  flow  out  of  the  Sw 
Wt "  A  "  apparatus  at  70°,  at  85°  required  1 167",  and  at  110°,  181." 

'Schweit«er  and  Lungwitz,  J.  Sor.  Chem.  Ind.,  IS,  1178,  1894. 

'"  Examination  of  Hydrocarl)ou  Oils,"  p.  166. 

'Z.  uial.  Chem.,  U,  357,  18R5. 

'Holde,  UnUrsuchung  d.  Schmicrtilc  U,  Fette,  p.  175. 

'J.  Am.  Chem.  8oc.,  »,  74.  1907. 

'fiJl,  J.  Am.  Chem.  Soc.,  24,  467.  19fKi. 

■Aisu<ma&,  J.  Soc.  Chem.  lud.,  14,  2»2.  1895- 
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phuric  acid  and  cooling  by  immersion  in  a  pan  of  water  at  10-15°. 
spots  or,  in  case  of  a  bad  oil,  massee,  form  around  the  edges  and  become  red  in 
the 'Course  of  two  hours.  The  cordial  glass  ia  filled  sucoeeaively  three  times 
with  70-86°  naphtha  and  the  oil  dissolved  off  the  surface  of  the  acid,  the  gaso- 
line solution  being  sucked  off  into  a  bottle  with  an  au-  pump.  Care  is  takeo  not 
to  suck  off  any  of  the  tarry  matter  formed.  The  acid  can  be  neutralised  with 
ammonia  and  the  tar  can  be  collected  on  a  tared  filter,  washed  with  gasoline 
that  leaves  no  residue  on  evaporation,  dried  at  a  low  temperature,  and  wd^ied 
ELS  gummy  matter.  As  shown  by  long  practical  experience,  the  oil  showing 
the  least  tar  or  gum  is  the  best  oil;  it  also  absorbs  the  least  ox}^n. 

Carbon  Residue  Test  Gra^a  Method.  To  a  tared  1-oz.  quartz  flask  of  (he 
dimensions  shown  in  Fig.  91,  add  25  cc.  of  the  oil  to  be  tested  and  weigh.  Wrap  the 
neck  of  the  flask  with  asbestos  paper  as  far 
down  as  the  side  arm.  Stopper  tightly 
with  &  good  cork.  Connect  to  a  small 
aerial  condenser  by  plugging  the  space  with 
asbestos  or  glass  wool.  Provide  a  shield 
which  will  protect  the  flame  and  the  flask 
lip  to  the  side  tube.  Using  the  Same  of  a 
good  Bunsen  or  Tirrel!  burner,  heat  the 
flask  so  that  the  first  drop  of  distillate  will 
come  over  in  approximately  five  minutes. 
Continue  the  distillation  at  such  a  rate 
that  I  drop  per  second  will  fall  from  the 
end  of  the  condenser.  As  the  end  of  the 
distillation  approaches,  increase  the  heat 
just  enough  so  that  no  heavy  vapors  are 
allowed  to  condense  and  drop  back  into  the  flask;  continue  increasing  the  heat 
until  the  flask  is  enveloped  in  the  flame,  and  hold  the  temperature  five  minutes. 
Allow  the  flask  to  cool,  remove  the  asbestos  covering  and  cork,  and  bum  out 
completely  the  carbon  and  oil  in  the  neck  as  far  down  as  the  side  tube,  and  in 
the  side  tube.  Heat  the  bottom  of  the  flask  until  no  more  vapors  are  given  off. 
Cool  and  weigh. 

Motor  oils,  of  light  and  medium  grade,  range  in  coke-like  residue  from 
0.06  to  0.5%,  the  percentage  of  fixed  carbon  being  roughly  proportional  to  the 
viscosity  of  the  oil.  That  is,  the  higher  the  viscosity,  the  higher  wiU  be 
the  percentage  of  fixed  carbon,  provided  the  oils  have  been  manufactured  from  the 
same  grade  of  crude  petroleum  by  the  same  general  methods.  The  heavy  and 
extra  heavy  motor  oils  range  from  0.5  to  1.25%.  As  the  percentage  of  fixed  ees- 
bon  varies  with  the  viscosities  of  the  oils,  the  viscosity  should  be  taken  into  con- 
sideration. For  illustration,  it  would  not  be  fair  to  compare  a  motor  oil  having  a 
viscosity  of  200  at  100°  F.,  Saybolt,  with  a  motor  oil  having  a  viscosity  of  400  at 
the  same  temperature.  The  carbon  residue  in  the  200  viscosity  oil  would  be  in 
the  neighborhood  of  0.2%,  where  as  the  fixed  carbon  of  the  higher  viscosity  oil 
would  be  in  the  neighborhood  of  0.75%. 

Gasoline  Test  This  shows  the  presence  of  tar  (still  bottoms)  or  asphaltjc 
matters. 

Mix  10  cc.  of  the  oil  with  90  cc.  86°-88°  gasohne  ffrom  Pennsylvania  crude] 
B.pt.  aO'-SO"  C,  allow  to  stand  one  hour  at  70°  to  80°  F.;  not  more  than  10% 
;i  flocculent  or  tarry  matter  should  have  settled  out.    This  settling  can  b» 


Fig.  91.— Gray's  Distillation  Ilask. 
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fftdUtated  by  whirlii^  in  a  centrifuge  in  a  graduated  tube  in  which  the  volume  of 
the  i:ffeci]Mtate  can  be  read  off.  If  the  teet  be  applied  to  the  oil  before  making 
the  flash  test  and  then  again  after  this  test  it  ^ows  the  extent  to  which  the 
oil  is  changed  upon  heating.  Other  things  being  equal  the  oil  which  is  changed 
the  least  is  the  best  oil.' 

Microscopical  Test.  Put  a  few  drops  of  the  well-mixed  oil  on  a  slide  and 
note  the  nature  of  the  suspended  matter — whether  carbonaceous  specks,  flakes 
of  paraffin  which  disappear  on  warming,  or  foreign  matter.  A  good  oil  should 
be  practically  free  from  all  these  bodies. 

Heat  Test  Heat  20-25  cc.  of  the  oil  in  an  Erlenmeyer  flask  or  beaker, 
amly  to  the  flashing  point  and  keep  it  at  this  temperature  for  fifteen  minutes; 
I  Mtisfactory  oil  will  darken,  but  remain  clear  even  after  standing  a  day. 
A  poorly  refined  oil  changes  to  jet  black,  and  forms  a  carbon-like  precipitate. 
This  is  usually  indicative  of  an  oil  that  has  been  refined  by  acid  treatment. 

Herschel's  Demulsibility  Test.'  The  test  is  applicable  to  non-emulsifying 
oils,  euch  as  are  used  with  high  speed  engines  and  turbines,  and  in  its  present 
form  does  not  apply  to  steam  cylinder  or  other  compounded  oils.  It  is  made 
u  follows: 

Twenty  cc.  of  oil  and  40  cc.  of  distilled  water  are  placed  in  a  100  cc.  cylinder 
laving  an  inside  diameter  of  2.6  cm.  and  heated  to  55°.  The  oil  and  water 
an  then  mixed  or  emulsified  by  stirring  with  a  paddle  for  five  minutes  at  a 
speed  of  1500  R.P.M.  The  paddle  is  simply  a  metal  plate  89  by  20  by  1.5  mm. 
thid,  conxeoiently  driven  by  an  electric  mot<)r. 

The  rate  at  which  the  nil  settles  out  from  the  emulsion,  when  it  is  allowed 
to  stand  at  a  temperature  of  55°  is  a  measure  of  the  emulsibility  of  the  oil. 
There  Is  a  tendency  for  the  rate  of  settling  out  of  the  oil  to  increase  up  to  a 
maamum  and  then  decrease,  and  we  may  take  readings  every  five  minutes 
(or  every  minute  if  the  oil  separates  out  rapidly)  and  note  the  maximum  rate. 
For  example,  the  following  readings  were  obtained  for  a  certain  oil: 




TtDI>SlD« 

Tla. 

awppio*  PiMldl. 

.ITopol  EinuMw 

BMIMOut 

fl^ 

0 

60 

0 

0 

5 

57 

KOS 

15 

43 

19 

68 

20 

41 

17 

57 

The  maximum  rate  is  here  88  cc.  per  hour,  and  this  is  called  the  "demul- 
Bihility."  The  best  transformer,  motor,  and  turbine  oils  settle  out  in  one 
■ninute  or  less,  so  that  if  we  take  readings  to  even  minutes  and  even  cc,  the 
f>t*  would  be  1200.  Oils  are  found  with  rates  all  the  way  down  from  thia 
■Mamum  rate  to  sero. 

It  has  been  found  necessary  to  shake  the  container  holding  the  sample  of 
oil  if  it  has  been  allowed  to  stand  for  some  time,  or  otherwise  the  oil  poured  off 
Iron  the  top  may  show  a  diflerent  rate  of  settling  from  the  oil  at  the  bottom. 
"  i»  also  necessary  to  protect  the  oil  from  sunlight  which  has  the  effect  of 
*''<nagiog  the  rate  of  settling. 

>  U.  S.  Bureau  .Standards,  Bulletin  86  (1917). 
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With  Bome  oils,  under  certain  cooditionB,  part  of  the  water  does  not  enter 
into  the  emulsion  and  drops  of  oil  adhere  to  the  sides  of  the  cylinder.  When 
this  phenomenon  occurs,  tlte  rate  of  settling,  indicated  by  the  test,  is  apt  to  be 
incorrectly  high.  The  adhering  drops  may  be  avoided  by  using  a  lower  speed 
or  less  water,  the  total  quantity  of  oil  and  water  being  kept  equal  to  60  ec. 
If  part  of  the  water  does  not  enter  into  the  emulsion,  but  we  do  not  have  the 
above  described  phenomenon,  complete  em ulsifl cation  may  sometimes  be 
obtained  by  prolonging  the  stirring  beyond  five  minutes,  or  by  increasing  the 
speed. 

Friction  Tests.  The  writer  is  inclined  to  doubt  if  friction  teste  are  worth 
the  outlay  for  a  machine  and  the  time  expended  in  their  execution.  With- 
out question  they  do  determine  the  relative  efficiency  as  regards  lubricating 
power  of  different  oils,  but  the  conditions  under  which  the  test  is  made  seldom 
occur  in  practice;  the  bearings  upon  which  the  oil  is  tested  are  as  nearly  perfect 
OS  can  be  made,  and  the  feed  and  load  are  as  regular  as  is  possible;  in  other 
words,  the  conditions  are  ideal. 

The  lubricating  power  of  an  oil  is  so  closely  related  to  ita  viscoflity>  that  the 
author  believes  that  results  of  more  practical  value  can  be  obtained  by  the 
determination  of  the  viscosity- of  the  oils,  and  subsequent  observation  of  their 
behavior  in  actual  use  than  by  the  longer  and  more  troublesome  friction  test. 
Recent  experiments,'  however,  have  shown  that  of  two  oils  of  the  same  viscosity 
and  other  constants  the  coefficient  of  friction  of  one  was  14%  less  than  the  other. 

In  case,  however,  it  be  desired  to  make  the  friction  test,  the  following  machines, 
it  is  believed,  will  be  found  to  be  most  satisfactory  for  the  purpose: 

for  spindle  oils  and  light  lubricating  oils,  the  machine*  of  the  Thurston 
type  which  can  be  run  at  the  highest  speed  and  lowest  pressure. 

For  heavy  oils  and  railroad  work,  the  large  machine  of  the  Thurston  '  type, 
described  in  his  "  Friction  and  Lost  Work  in  Machinery  and  MiUwork,"  page  254; 
also  in  Brannt,  page  4SG;  also  in  Archbutt  and  Deeley.' 


ANIMAL  AND  VEGETABLE  OILS 

The  tests  most  commonly  employed  for  the  identification  of  these  oils  are  as 
follows:  specific  gravity,  refractive  index,  Valenta  test,  elaidin  test,  Maumen6 
test,  iodine  number,  and  saponification  value. 

In  addition,  certain  special  and  commercial  tests  are  applied,  as  Bechl 
test,  Baudouin  test,  free  acid,  spontaneous  combustion,  and  drying  test. 

Specific  Gravity.  This  Ls  usually  determined  either  by  the  Westphal  ^al^nw^ 
(page  560)  or  by  the  picn-ivicler. 

'  Conradson,  J.  Ind.  and  Eng.  Ch.,  2,  171,  1910. 

'  Brannt,  "  Petroleum  and  its  Products,"  p.  510;  Woodbmy,  oidt  itdinu 

'Trans.  Am.  Soc.  Mech.  Eng.,  SS,  834,  1910. 

•  Made  by  Olsen  or  Riehlfi  Bros.,  Philadelphiu,  Pa. 

»  "  Lubrication  and  Lubricants,"  1907,  pp.  33*2-348. 

•Ibid,  p.  359. 

'  Ibid.,  p.  355. 
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A  two-necked  flask  of  50  cc.  capacity,  having  a  thermometer  carefully  ground 
into  one  neck,  the  second  one  being  a  narrow  tube  bearing  the  mark,  is  most 
mitable-  This  is  fiUed  with  the  oil  to  be  examined,  cooled  to  15.5°  C.,* 
tite  excess  of  oil  removed  and  weighed.  If  the  weighings  be,  made  to  0.5  milli- 
gram and  a  correction  applied  for  the  expansion  of  the  glass  by  the  differ- 
ence in  temperature— 15.5— 4=11.5°- —0.025%  of  the  value  obtained,  the 
determination  is  accurate  t«  0.00002.' 

For  the  determination  of  the  specific  gravity  of  small  quantities  of  oil, 
Batiafactoiy  tesulta  can  be  obtained  by  weighing  1  or  S  cc.  of  the  oil  carefully 
metsured  from  an  accurately  calibrated  pipett«.  Or  a  mixture  of  alcohol  and 
ntef  can  be  made  until  a  drop  of  oil  will  stay  in  any  position  in  it,  and  its  specific 
pavity  determined. 

RefractiTe  Index.  This  is  of  the  same  value  as  the  determination  of  specific 
gnvity:  it  has,  however,  the  advantage  that  it  is  more  rapid  and  uses  only  one 
or  tvo  drops  of  the  oil. 

The  apparatus  preferably  employed  is  the  Abb4  refractometer,  Fig.  92,  the 
pnong  of   which  are   kept   at    constant 
temperature,  usually  25°  C,  by  circulat- 
ing water. 

The  illuminating  mirror  should  light 
the  cross  hairs  and  the  telescope  should 
be  sharply  focused  on  them. 

The  double  prism  b  opened  by  means 
of  the  screw  heads,  and  after  carefully 
deafising  the  prisms  with  cotton  and 
ether,  a  drop  or  two  of  the  oil  placed 
on  the  horizontal  surface  of  the  fixed 
pnam.  The  prisms  are  then  tightly  closed. 
The  telescope  is  brought  into  the  position 
shown  and  the  sector  is  firmly  held  and 
the  alidade  (the  moving  part)  moved  for- 
wird  until  the  field  of  vision  shows  the 
boundary  between  Ught  and  shade  just 
intersecting  the  cross  hairs. 

By  means  of  the  screw  on  the  right 
of  tiie  instrument  this  boundary  line 
diould  be  made  as  sharp  as  possible. 
The  index  of  refraction  is  read  off  directly 
fntathe  sector,  using  a  lens  if  necessary; 
Uie  reading  is  accurate  to  .0002. 

After  using,  the  prisms  are  again  care- 
fully cleansed  and  a  piece  of  filter  paper  placed  between  them  to  prevent  them 
ftwu  being  scratched.  The  instrument  is  in  correct  adjustment  when  water  at 
18°  ^ves  a  mean  reading  of  1.333.  The  temperature  correction  for  oils  and  fats 
■>0.6()O4  for  every  degree  rise. 

Taleata  Test'    Althoi^h  considered  by  some  to  be  unreliable,  yet  as   the 


Pia.  92.— Refractometer, 


ewfa 


ADen  (Organic  Analyab,  33)  states  that  a 
-     ■■      otl°C. 


of  0.01 


a  be  made  for 
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indication  given  by  this  test  nmy  be  of  value,  it  is  barely  worth  the  trouble  of 
execution.     It  depends  upon  the  solubility  of  the  oil  in  glacial  acetic  acid. 

Enough  oil  is  poured  into  a  test-tube  to  till  it  to  the  depth  of  about  1  in., 
the  exact  height  being  marked  by  the  thumb;  an  equal  quantity  of  glacial  acetic 
acid  is  poured  in,  that  ia,  until  the  acid  reaches  the  point  indicated  by  the  thumb. 
A  light  thermometer  is  placed  in  the  tube,  and  it  is  heated  until  the  oil  dissolves 
— shown  by  the  liquid  becoming  homogeneous.  The  tube  is  now  allowed  to  cool, 
and  the  point  noted  at  which  it  begins  to  become  thoroughly  turbid. 

Castor  oil  is  soluble  at  ordinary  temperatures,  while  rape-seed  and  oth^ 
cruciferous  oils  are  usually  insoluble  even  at  the  boiling-point  of  the  add.  The 
temperatures  at  which  other  oils  become  turbid  are  given  on  pages  1 148  and  1149. 

Ehudin  Test.  Although  this  is  not  a  quantitative  test,  yet  its  ease  of  appUea- 
tion  and  the  conclusions  which  may  be  drawn  from  it  render  it  valuable.  It 
depends  upon  the  chanfre  of  the  liquid  olein  into  its  solid  isomer  elaidin,  and  is 
especially  applicable  to  olive  and  lard  oils. 

Mai-ipvlatim.  Five  grams  of  the  oil  are  weighed  ' — within  2  drops — into  a 
cordial  glass,  7  grams  of  nitric  acid,  specific  gravity  1 .34,  are  then  weighed  into  it,' 
and  two  pieces  of  copper  wire  (0.6  to  1.0  gram)  added.  Place  the  glass  in  a  pan 
of  4-old  water  at  about  12°  C,  and  stir  with  a  short  glass  rod  about  20  to  30  turns, 
not  only  with  a  rotary  movement,  but  also  with  an  up-and-down  motion,  so  as 
to  mix  the  oil  and  the  evolved  gas  thoroughly.  When  the  wire  has  dissolved, 
add  a  second  piece  and  stir  as  before.  This  second  addition  should  furnish  gas 
enough  if  the  liquid  has  been  kept  cool  and  the  stirring  has  been  thorough. 

At  the  end  of  the  first  hour,  pure  lard  oil  will  usually  show  flt^es  of  a  wax-like 

appearance,  and  upon  standing  without  disturbance  and  at  the  same  temperature 

for  another  hour,  the  oil  will  have  changed  to  a  solid  white  cake  hard  enough  to 

bear  several  ounces'  weight,^r  admit  of  lifting  the  glass  and  contents  by  the  glass 

•  rod. 

Most  of  the  fish  and  seed  oils  yield  a  pasty  or  buttery  mass  separating  from  a 
fluid  portion,  whereas  olive,  almond,  peanut,  lard,  sperm  and  sometimes  neatV 
foot  oil,  yield  a  solid  cake. 

Instead  of  using  nitric  acid  and  copper,  sulphuric  acid  of  46°  Baum^,  con- 
taining a  little  nitric  acid  and  saturated  at  0°  C.  with  nitric  oxide,  may  be  em- 
ployed. 

A  test  should  alivays  be  made  at  the  same  time  imlh  an  oil  of  undoubted  purity. 

Notes.  If  the  oil  be  stirred  too  much  or  too  frequently,  or  is  loo  warm,  it  has  oo 
opportuijity.to  form  a  hard  cake. 

Hubl  states  that  all  attempts  to  make  the  test  a  quantitative  one  have  resulted 
in  failure. 

Mercury  can  be  used  instead  of  copper. 

Cailletet's  method.'  in  which  a  smaller  quantity  of  oil  is  used,  and  sulphur 

nitric  acids  allowed  to  act  upon  it  in  a  boiling  water  bath,  cannot,  in  *' 

of  the  writer,  be  depended  upon  to  give  reliable  results. 

Maumeni  Test.'  Wliile  this,  like  the  preceding,  is  not  a  quantitative  test, 
yet  the  indications  afforded  by  it  are  of  more  value  in  many  cases  than  those 
obtained  by  quantitative  methods,  as,  for  example,  the  saponification  value. 
It  depends  upon  the  heat  developed  by  the  mixing  of  the  oil  with  strong  sul- 

>  Not  on  the  analytical  balance. 

'  Milliau,  J.  Am.  Chem.  Soc,  16,  156,  18S3. 

'  SOiCI  gives  similar  results. 
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phuric  ocdd.    This  talcea  place  in  a.  small  beaker  7)  to  9  cm.  deep  and  of  150  cc. 
capftdty,  packed  in  an  agate-ware  cup  with  dry  felt  or  cotton  waste  packing. 

Manipvlati'm.  Fifty  grams  of  the  oil  are  weighed '  into  the  beaker  to  within 
2  drops,  and  its  temperature  noted  by  a  thermometer.  Ten  cc.  of  sulphuric 
add  are  now  run  gradually  into  the  oil— allowing  the  graduate  to  drain  five  seconds 
— tbe  mixture  being  stirred  at  the  same  time,  and  the  etirring  continued  until 
no  further  increase  in  temperature  is  noted.  The  highest  point  at  which  the 
thermometer  remains  constant  for  any  appreciable  time  is  observed,  and  the 
difference  between  this  and  the  initial  temperature  is  the  "rise  of  tempera- 
ture." This  varies  with  the  strength  of  the  acid  employed,  and  to  secure  uni- 
furmity  *  the  results  should  be  expressed  by  dividii^  the  rise  of  temperature  with 
the  oil  by  the  rise  of  temperature  with  water,  and  multiplying  by  one  hundred. 
This  is  called  the  "specific  temperature  reaction."  The  rise  of  temperature 
with  water  is  determined  in  the  same  manner  as  with  oil,  using  the  same  vessel. 

Notes.  In  perfonniiiR  thia  test  it  is  important  that  the  oil  and  acid  be  of  the 
nine  temperature,  attainM  by  keeping  them  beaido  each  other. 

The  HtTen)tth  of  acid  should  be  as  far  as  possible  the  same;  it  should  be  deter>- 
mioed  not  by  specific  gravity,  but  by  titration,  as  100%  and  94.3%  add  have  the 
amc  specific  gravity. 

For  concordant  results  the  conditions  should  be  the  same,  and  the  same  apparatui 
■bould  be  used.  In  case  the  test  is  to  l>e  appUed  to  a  drying  oil,  it  should  be  diluted 
oiK-hilf  with  a  mineral  oil,  25°  paraffin,  for  example,  thoroughly  mixing  them.  The 
"nxot  temperature"  is  then,  the  rixe  of  temperature  of  mixture  minus  half  the  rise 
1^  temperature  of  50  grams  of  mineral  oil,  multiplied  by  2. 

It  IS  advisable  to  make  a  test  at  the  same  time  with  an  oil  of  known  purity.  Re- 
mits ihould  agree  within  2%.  By  the  use  of  the  Htibl  formula,  page  1 130,  substituting 
ihmtud  values,  results  comparable  with  those  obtained  with  the  iodine  value  can 
Ik  obtained. 

Sherman,  Dantiger,  and  Kohnstamm  '  have  studied  this  method  with  the  idea 
of  elimiiiating  the  errors.  Ratber  than  dilute  the  oil  with  a  mineral  oil  they  dilute 
lis  add,  using  one  of  89%.  The  results  obtained  are  a  little  lower  for  vegetable 
°<h  ind  a  littie  higher  for  animal  oils  than  those  usually  found  witli  the  strong  acid 
u  employed  bv  Thomson  and  Ballantvnc.  Mitchell  '  umm  an  inert  diluent — car- 
fwn  telrachloriae—in  a  vacuum- jacketed  tube  and  one-fifth  the  quantities;  all  oils 
"f  diluted.  He  finds  that  the  results  obtained  are  in  close  agreement  with  the 
liroDine  thermal  values:  further,  that  the  test  may  be  of  use  m  determining  the 
<lesm  of  oxidation  of  fats  and  oils,  the  figures  becoming  greater  with  the  age  ot 
thtoil. 

Data  upon  various  oils  will  be  found  on  pages  1147-1140. 

RefereDces. 
Haumen«,  Compt.-Rend.,  tfi,  572,  1852. 
Ellis,  J.  Boc.  Chem.  Ind.,  6, 361,  1886. 

Thomson  and  Ballantync,  J.  Sac.  Chem.  Ind.,  10,  234,  1891. 
Richmond,  Analyst,  80,  58,  18D5. 
Munroe,  Am.  Pub.  Health  Ass'n,  10,  236,  1884. 

iMfine  number  or  Value'.  This  is  the  percentage  of  iodine  absorbed  by  an 
oil;  the  method  depends  upon  the  fact  that  different  oils  absorb  different  amounts 
of  the  halogens;  the  process  is  mainly  one  of  addition,  although  small  quantities 

1,  1904,  is  unable  to  secure  uniformity  in  this 
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<tf  Bubstitution  products  are  formed.  For  example,  the  unnaturated  body  olein, 
(CijHiiCOO)iCiHi,  when  brought  in  TOutact  with  iodine  takes  up  6  atoma  and 
forms  the  addition  product,  di-iodo  stearin,  (Ci:H„liCOO)(CiH,.  Palmittn, 
(Ci,HiiCOO))CjHi,  when  similarly  treated,  forms  no  addition  product,  but  a  small 
quantity  of  the  tubatitution  product,  iodo-palmitin,  (CiiHiolCOO)iCkH(,  and 
the  by<lro|;en  displaced  unites  with  the  iodine  to  form  hydriodic  acid.  The 
quantity  of  hydriodic  acid  thus  formed  is  a  measure  of  the  amount  of  substitution.' 

1.  Banut'a  Method.  Mampnlntion.  From  0.12  to  0.15  gram  of  &  drying 
oil,  0.2  to  0.3  gram  of  a  non-drying  oil,  or  0.6  to  0,7  gram  of  a  solid  fat,  is  accu- 
rately weighed  into  a  d  if  200-ec.  bottle.  This  should  be  of  colorless  glass  and  be 
provided  with  a  well-ground  stopper.  This  is  best  effected  by  pouring  oat  about 
5  grams  of  the  oil  into  a  No.  1  beaker  containing  a  short  stirring  rod,  and  setting 
it  into  a  wntch-gla.'ut  upon  the  pan  of  the  analytical  balance.  The  whole  system 
is  weighed,  the  beaker  removed,  and  several  dro|)s  of  oil  transferred  to  the  bottle 
by  dropping  down  the  rod,  being  careful  that  no  oil  touches  the  neck.  E^t 
drops  are  approximately  0.2  gram.  The  beaker  is  replaced  in  the  watch-glass 
and  the  sj'stem  again  weighed,  the  difference  in  weight  being  the  amount  of  oil 
in  the  bottle. 

The  oil  is  dissolved  in  10  cc.  of  chloroform,  30  cc.  of  the  iodine  solutioiL 
(Reagents)  added — best  from  a  burette — and  allowed  to  stand  with  occasional 
shaking  for  exactly  fifteen  minutes;  with  oils  of  an  iodine  number  of  less  than. 
100,  ten  minutes  sufRcos;  IS  nc.  of  potassium  iodide  solution  >  are  added  and  tbs 
solution  titrated,  with  or  without  the  addition  of  starch,  with  sodium  thioeul— 
phate  until  the  halogen  disapi)ears. 

At  the  same  time  at  which  the  oil  is  prepared,  two  "  blanks  "  should  be  pre- 
pared similarly  in  every  way  to  the  actual  tests,  except  in  the  addition  of  the  cul^ 
and  treated  in  every  respect  like  them;  the  strength  of  the  thiosu]phat«  solutbis- 
should  also  l>e  determined  the  same  day  on  which  this  test  is  carried  out. 

St-ii  dnnUzation  of  the  Thiosulphate  Sotidio^.  Ten  cc.  of  potassium  iodide 
and  lOOcc.  of  water  are  poured  into  the  Erienmej'er  flask;  20cc.  of  the  bichromate 
solutiiin,  equivalent  to  0.2  gram  of  iodine,  are  n(tw  measured  in  with  a  [upette^ 
and  to  this  5  cc.  of  strong  hydrochloric  acid  added  and  the  mixture  shaken  foC 
three  miinitoN.  It  i.s  now  titrated  with  the  thiosulphate  solution  until  the  yelloi^' 
color  of  the  iodine  has  almost  disappeared;  starch  paste  is  now  added,  and  th^ 
titration  cuntiiuicd  until  the  deep-blue  color  of  the  solution  changes  to  a  sea — 
green — due  to  CrCIi, — which  is  usually  brought  about  by  the  addition  of  a  single 
drop. 

The  reactions  involved  are: 

K,Cr,0,-l-14IlCl  =  2CrCl,-|-2KCH-7H,O+3Ca,; 

3Cl,-|-6KI=6KCI-)-31,; 

CNajSA+Sl,  =3N  ,S,0,+6NaI. 

Notes.  WiJH  ■  usus  iodine  chloride  instead  of  bromide;  it  is  mora  tniableaoncmfl 
to  preimre  and  gives  rcsultn  aliout  1,2  itoints  higher.'  Either  of  theoe  methods  h««.s 
the  advantage  over  Iliibl's— first,  that  the  soluliona  keep  lietter,  remaining  practicaUy 

'  Mcllhiney,  J.  .Vm.  Chem.  Sec,  18,  275,  1S!M, 

'I'his  is  (he  original  nivthod.  Tolmau  adds  here  100  cc.  vntet  as  in  the  HUIm 
method. 

>  Berichle,  31,  752,  1898. 

•  Tolman  and  Munson,  J.  Am.  Chem.  Soc.,  25, 244,  1903. 
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imeh&uged  for  aereral  months;   secondly,  that  the  action  is  about  sixteen  times  M 
tspid,  it  bmnR  competed  in  fifteen  minutes:   thirdly,  that  the  solutions  are  cheaper. 

Acetic  acQ  cannot  be  displaced  by  carbon  tetrachloride  as  a  solvent,  as  the  last 
traeea  of  iodine  are  difficult  to  remove  from  it.  The  acetic  acid  used  should  be  at 
least  99.6%  and  sbow  no  reduction  with  potassium  bichromate  and  sulphuric  acid. 

2.  Bubfa  Method.  Manipulation.  The  oil  ia  weighed  out  as  in  1,  Into 
^fXi<x.  bottles,  except  that  about  25%  more  may  be  used. 

The  oil  ia  now  dissolved  in  10  cc.  of  chloroform,  30  cc.  of  iodine  and  mercuric 
chloride  solution  added,  the  bottle  placed  in  a  dark  closet,  and  allowed  to  stand, 
with  occasional  gentle  shaking,  for  four  hours.  If  the  solution  becomes  nearly 
'decolorized  after  two  hours,  an  additional  quantity  should- be  added.  One 
Imndred  cc.  of  distilled  water  and  20  cc.  of  potas-^ium  iodide  are  added  to  the 
contents,  and  the  excess  of  iodine  titrated  with  sodium  thioeulpbate.  If  at  this 
point  a  red  precipitate  (Hgli)  is  formed,  more  potassium  iodide  should  be  added. 
h  the  chloroform  dissolves  some  of  the  iodine,  the  titration  can  proceed  until 
the  chloroform  layer  ia  nearly  colorless,  then  the  starch  solution. is  added,  and 
the  operation  continued  to  the  disappearance  of  the  blue  color. 

"Blanks  "  should  be  titrated  as  with  the  forgoing  process,  page  1128. 

Notes.  The  method  was  proposed  by  Cailletet  in  1857,  made  use  of  by  Mills 
•nd  Saodgrass '  in  IS83,  using,  however,  bromine  and  carlwn  ysulpbide,  and  de- 
Mibetl  in  almost  its  present  fonn  by  Hiibl.'  The  chief  factors  in  its  execution  are 
(1)  itreagth  of  the  iodine  solution;  (2)  the  quantity  used;  and  (3)  the  length  of  its 
time  of  actionr 

1.  The  Slrength  of  Iodine  Solution.  According  to  Hilbl's  original  memoir,  the  solu- 
tiixiB  can  be  kept  indefinitely  when  mixed. 

Fahrion  •  states  that  the  solution  deteriorated  aa  much  as  from  17  to  23%  in 
Ofbt  days.  Ballantyne  *  confirms  the  deterioration,  but  finds  it  much  less,  S  to  8% 
in  thirty-eiKbt  days.  This  weakening  of  the  solution  is  probably  due  to  the  hydriodio 
uiil  fonnea  by  the  action  of  the  iodine  upon  the  alcohol.' 

Ilie  mercuric  chloride  acts  apparently  as  a  carrier  of  iodine,  as  the  reaction  takes 
plice  very  slowly  without  it.  (Ganttcr.)  '  Walter'  finds  that  the  addition  of  50 
cc.  HQ,  mtecific  gravity,  1.19.  to  the  mixed  iodine  solution  preserves  it  for  months. 
0(  tbe  other  metalfic  chlorides,  CoCli  gives  the  highest  true  iodine  value,  MnCli, 
UiiBri  and  NiCli  cause  practically  no  addition.     (Schweitzer  and  Lunswitz.)  * 

2,  The  Quanlilg  of  Iodine  SoliiliOTi  Used.  The  mixed  iodine  solution  as  mads 
op  ibould  require  about  63  cc.  of  the  thioaulphate.  Before  asing,  a  rouph  titra- 
1)00  should  be  made,  and  if  it  be  much  weaker  than  this,  a  proportionately  larger 
Mmunt  added.  The  action  of  a  large  excess  of  iodine  is  to  increase  the  substitu- 
■un  rsther  than  addition;  increase  m  temperature  or  in  time  produces  the  same 
ificrt.' 

The  excess  of  iodine  recommended  is  from  150  to  250%;  some  observers  recom- 
I      ""Hid  from  400  "to  600%." 

I  3.  Lamth  of  Timt.     Two  hours  is  sufficient  for  olive  oil,  tallow,  and  lard,  wfaUfl 

I      iwluMedoil,  balsams,  and  resins  twenty-four  hours  should  lie  allowed." 
1 

'  J.  Soc.  Chem.  Ind.,  8,  435,  1883. 

■  EKngler  polyt.  J.,  8&t,  281;  also  J.  Soc.  Chem.  Ind.,  t,  &11,  1884. 

'  J.  Chem.  Ind.,  H,  183,  abstr.,  1892. 

•Ibid.,  IS,  1100,  abstr,  1894. 

'J.  Soc.  Chem.  Ind.,  l4,  130,  1895. 

•Ibid.,  12,  717,  abstr.,  1893. 

'Chem.  Ztg.,  19,  1786,  1831,  1895. 

•J.  Soc.  Chem.  Ind.,  14,  1031,  1895. 

•J.  Soc.  Chem.  Ind.,  12,  717,  abstr.,  1893. 

■*Ibid.,  14,  1031,  1896. 

"  Hokle,  Mitt.  kgl.  Techn.  Versuchs.,  9,  81,  1891. 

"Dietericb,  J.  8oo.  Chem.  Ind.,  IS.  381,  189:). 
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Ingle  ^  has  shown  that  the  free  acid  formed  during  the  process  is  dae  to  the 
action  of  water  upon  the  iodochlorides.  Some  of  these  are  reduced  by  potassium 
iodide  with  liberation  of  iodine  and  consequent  reduction  in  the  iodine  abaori^ii. 
Iodine  chloride  is  the  active  agent,  and  not  hypoiodous  acid. 

For  the  calculation  of  the  percentage  of  adulteration  of  one  oil  by  another, 
Hdbl  gives  the  following  formula:* 

"Let  x-parcentage  of  one  oil  and  {/-percentage  of  the  otiier  <h1,  further, 
m  —iodine  value  of  pure  oil  x,  n  of  pure  oil  y,  and  /  of  the  sample  under  examina- 
tion, then 

_100(/-f»)" 
m — n 

He  further  states  that  the  age  of  the  oil,  provided  it  be  not  rancid  or  thick- 
ened, is  without  influence  on  the  iodine  value.  Ballantyne*  finds  that  light  and 
air  diminish  the  iodine  number. 

As  might  be  expected,  the  iodine  value  is  inversely  proportional  to  the  cold  te^. 

The  method,  as  will  be  seen,  is  a  conventional  one,  and  the  best  results  will 
be  obtained  by  using  measured  quantities  of  reagento  and  carrying  through  the 
process  in  the  same  manner  every  time.* 

The  calculation  ib  perhaps  most  easily  made  as  follows:  Subtract  the  numbff 
of  cc.  of  thiosulphate  used  for  the  titration  of  the  oil,  from  that  obtained  by 
titrating  the  blank — this  gives  the  thiosulphate  equivalent  to  the  iodine  absorbed 
by  the  oil.  Multiply  this  number  (of  cc.)  by  the  value  of  the  thiosulphate  in 
terms  of  iodine,  and  the  result  is  the  number  of  grams  of  iodine  aleorbed  by  the 
<hI;  this  divided  by  the  weight  of  oil  used  and  multiplied  by  100  gives  the  iodine 
number. 

In  case  it  be  desired  to  recover  the  iodine  used,  reference  may  be  had  to  sa 
article  by  Dieterich,  abstracted  in  the  Jour.  Soc.  Chem.  Ind.,  IS,  680, 1896. 

Oxidized  Oils.  Iodine  Number  of.  To  find  the  original  iodine  number  of  a 
semi-drying  or  non-drying  oil  which  has  been  altered  by  atmospheric  ondation, 
add  0.8  to  the  iodine  number  found  on  the  altered  sample  for  each  increase  (tf 

0.001  in  the  specific  gravity  I  taken  at    -  ,o"p"  )  - 

Bromine  Number  or  Value.  The  iodine  method  just  described  has,  among 
others,  the  disadvantage  that  it  fails  to  distinguish  between  addition  and  substi- 
tution; this  is  sometimes  of  importance,  and  to  accomplish  it  Mcllhiney  *  make* 
use  of  the  bromine  absorption. 

Mar.ipMlation.  From  0.2  to  0.3  gram  of  a  drying  oil,  0.4  to  0.5  of  a  non- 
drying  oil,  or  1.0  to  1.2  grams  of  a  solid  fat,  are  accurately  weighed  into  the  3O0 
cc.  battle,  as  in  the  iodine  number  (page  1128). 

The  oil  is  dissolved  in  10  cc.  of  carbon  tetrachloride,  and  20  cc.  of  bromine 
solution  (Reagents)  added,  best  frum  a  burette.  After  allowing  it  to  stand  two 
minutes  by  the  watch,  20  or  30  cc.  of  potassium  iodide  are  added,  in  the  manncf 

'  J,  Soc.  Chem.  Ind„  21,  587,  1902. 

•  Dingier  polyt.  J.,  X&S,  281,  1884. 
•J.  Soc.  Chem.  Ind.,  10,  31,  1891. 

•  If,  for  example,  the  water  be  added  l>erore  the  iodide  solution,  the  iodine  numba 
is  changed  by  0.3  per  cent. 

•  Sherman  and  Falk.,  J.  Am.  Chem.  Soc.,  »,  G08,  1895. 

•  J.  Am.  Chem.  Soc.,  21,  1084,  1899. 
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dncribed  below,  the  amount  <lepending  upon  the  excess  of  bromine.  To  pre- 
mt  Ion  of  bromine  and  hydrobromic  acid,  a  short  piece  of  thin  and  wide  rubber 
tuUng — "  bill  tie  tubing  " — is  slipped  over  the  Up  of  the  bottle,  thus  forming  a 
wdl  &round  the  stopper;  eome  of  the  iodide  solution  is  poured  into  this  and  the 
bottle  cooled  in  cracked  ice.  Upon  removing  the  stopper  the  solution  is  sucked 
into  the  bottle,  it  is  shaken  to  insure  the  solution  of  the  vapors,  and  the  remainder 
d  the  reagent  added.  The  iodine  liberated  is  titrated  by  sodium  thiosulphate 
in  the  usual  way. 

When  this  titration  is  finished,  5  cc.  of  the  potassium  iodate  solution  are  added 
lad  the  titration  repeated.    The  iodine  liberated  in  this  reaction  is  equivalent  to 
Uk  hydrobromic  acid  present.    Blank  determinations  should  be  made  with  the 
ngents  used,  aa  with  the  iodine  number, 
s,  partici 

ec.  o(a  10%  solutioD  of  salt. 

Id  case  ice  be  not  at  hand,  the  vapors  wilt  probably  be  completely  absorbed  by 
pTiinf  through  the  iodine  solution  in  the  rubber  well. 

lite  reactions  involved,  in  addition  to  thoen  on  page  U28  are: 

Palmitin 

(C„H„COO).C,H.+3Br,  =  {C„H„BrC00)rf;,H,+3HBr. 
3HBr+3KI=3KBr+3m. 
6HI+KI0.  <=3I,+3H,0+KI. 

Tbe  calculation  is  similar  to  that  followed  in  the  iodine  number  (page  1128). 
,  Tbe  percentage  of  bromine  fomid  as  hydrobromic  acid  is  called  the  bromine  eub- 
Mibnion  Bgure,  and  the  total  nercentage  abeorbed,  leas  twice  the  bromine  substitu- 
tion figure,  cives  the  bromine  addition  figure. 

me  method  has  tbe  further  advantages  that  it  is  rapid,  the  bromine  solution  i» 
pamanent  and  inexpensive.    For  data  upon  various  oils,  see  table  on  page  1147. 

S^onificatum  Value.  T^iis  is  expressed  by  the  number  of  milligrams  of 
potasnum  hydrate  necessary  to  saponify  one  gram  of  the  oil.  It  is  called  from 
tbe  ori^nator  "  Koettetorfer  '  number  or  value,"  also  "  Saponification  number," 
ud  must  not  be  confounded  with  "Saponification  equivalent"  as  proposed 
by  Allen,*  which  is  the  number  of  grams  of  oil  saponified  by  56.1  grams  of  potassium 
liTdrRle. 

Monipulatwn.  One  to  2  grams  of  the  oil  are  weighed  out  into  a  200-cc.  Erlen- 
neyer  flask  (as  in  the  iodine  value,  9.  v.,  pagell2S)Bnd  saponified  by  25  cc.  X/2 
tlcoholic  potash  accurately  measureid  from  a  burette,  by  beating  upon  a  water 
Uth,  a  1-in.  fuhnel  being  inserted  in  the  flask. 

When  thfl  saponification  is  complete,  shown  by  the  homogeneity  of  the  solution, 
k  few  drope  of  phenolphthalein  are  added  and  the  excess  of  alkali  titrated  with 
^.'2  hydrochloric  acid.  Two  blank  determinations  of  the  strength  of  the  N/2 
potanium  hydrate  must  be  made  simultaneously,  by  heating  25  cc.  under  the  same 
eoDditions  as  when  mixed  with  the  oil  and  for  the  same  length  of  time. 

NoTca.  Many  piefer  to  cork  the  flasks  tightly  and  tie  down  the  stopp«8,  thus 
■ponifying  under  presmre;  others  make  use  of  a  return  flow  condenser,  ofteutimea 
"inlj  a  long  gUsa  tube. 

Snetham  '  adds  20  cc.  of  ether  and  finds  that  it  aids  saponification.     HenriquM  * 

■  Z.  anal.  Chem.,  18,  19S,  1879. 

<  Oimmercial  Organic  Analysis,  8,  40, 

•Analyst,  IB,  193,  1893. 

<Z.  angew.  Chemie,  721,  1895. 
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uaea  3  to  4  grama  of  oil,  26  ec.  of  petroleum  ether,  And  25  cc.  of  normoJ  aJcobolic  potadi, 
saponif^ng  in  the  cold  by  aUowiDg  to  Bt&nd  ovemi^t;   the  advantage  c 


-.        ,     „  _     _bv(a „ 

preventing  the  change  in  the  eolution  by  boiling. 

Mcllhmey '  has  applied  the  proceaa  to  dirk-colored  trubHt&ncea  by  twaVing  nae 
of  the  principle  that  when  ammoDiuin  chloride  is  added  to  &  neutral  soap  aohitioo, 
and  the  mixture  distilled,  the  amount  of  ammonia  freed  is  equivalent  to  the  quaaiitw 
of  alkali  combined  with  the  fatty  acids.  As  a  description  of  the  prooeflB  is  Deyona 
the  scope  of  the  present  volume,  reference  must  be  h&d  to  the  original  article. 

Aa  ordinarily   prepared,   the    alcoholic    potash    solution   turns   rapidly   reddld>- 


brown,  ao  that  it  ia  very  difficult  to  note  the  end-point.  This  trouble  can  be  partUlIy 
avmdea  by  adding  a  drop  or  two  of  the  nlution  to  the  diluted  indicator  contained 
upon  a  tife  after  the  manner  of  the  titration  of  iron  by  bichromate.    As  the  color 


probably  due  t^i  the  polymeriKalion  of  the  aldehyde  formed  by  the  ondation  of 
me  alcohol,  it  ia  more  sati«actorv  to  use  for  the  preparation  of  uia  potash  solution 
an  alcohol  which  ia  practically  alaebyde  free.  This  is  best  mode,  according  to  Dun- 
lap,*  as  follows:  1}  grams  of  silver  nitrate  are  diiwilved  in  3  cc.  of  water,  added  to 
1  liter  of  alcohol  and  thoroughly  shaken;  3  grams  of  potassium  hydrat«  are  dtssohwl 
in  Ifi  cc.  of  warm  aleohd  and,  after  cooling,  added  to  the  alcoholic  silver  nitrate  and 
thoroughly  shaken  again,  beet  in  a  tall  bottje  or  cylinder.  The  silver  oxide  is  allowed  to 
settle,  the  clear  Kamd  siphoned  off  and  distilled.  AkcJiotic  potash  made  up  hom  this, 
using  the  Bo-callea  "  potash  by  alcohol,"  will  give  a  solutbn  which  will  remain  wato^ 
white  for  weeks. 

The  writer  has  found,  if  the  stock  solution  be  kept  imder  an  at 
hydn^eD,  that  the  coloration  by  standing  is  almost  entirely  prevented. 

Detection  of  UnBtponifiable  OUs.  The  qualitative  detection  t^ea  place  by 
observing  the  behavior  of  the  solution  obtained  by  boiling  the  oil  with  alooholie 
potash  when  diluted  with  warm  water.  Any  unsaponifiable  material  will  mani- 
feet  itself  as  oily  drops  in  the  clear  alcoholic  solution,  or  as  a  whitish  cloud  on  the 
addition  of  water. 

The  quantitative  determination  may  take  place  in  two  ways:  1.  FVom  the 
saponification  number.    2.  By  gravimetric  methods. 

1.  From  the  SaponlSeattan  Ifumber.  On  pages  1148  and  1149  it  will  be 
noticed  that,  except  for  oastor,  rape,  and  sperm  oils,  the  saponification  number 
averages  193.  If  the  number  found  be  divided  by  this  figure,  the  percentage  of 
saponifiable  matter  will  be  obtained;  this  subtracted  from  100  wilt  give  the  unsa- 
ponitiable  matter.    This  method  ^ves  no  idea  of  the  kind  of  saponifiable  matter. 

2.  By  Grtteimetrie  Method:  The  procedure  is  essentially  that  of  Spiti  and 
H&nig:'  lOgramsof  theoilareboiledfifteen  minutes  under  a  return-flow  condenser 
with  50  cc.  of  5%  alcoholic  potash;'  40  cc.  of  water  are  added  and  the  boiling 
repeated.  The  liquid  is  allowed  to  cool,  washed  into  a  separatory  funnel  with  50% 
alcohol  and  50  cc.  of  86°  gasoline,  thoroughly  shaken  and  allowed  to  stand.  Tite 
gasoline  layer  should  separate  clearly  and  quickly  from  the  soap  solution  and 
the  latter  is  drawn  off;  the  gasoline  is  washed  2  or  3  times  with  50%  alcohol  to 
extract  any  soap,  and  these  washings  added  to  the  soap  solution.  This  latter  is 
extracted,  until  upon  evaporation  the  gasoline  leaves  no  stain  upon  paper,  care 
being  taken  to  wash  the  gasoline  extracts  each  time  with  50%  alcohol;  three 
extractions  with  gasoline  are  usually  sufficient. 

The  gasoline  is  distilled  from  these  extracts,  the  residue  heated  until  the  gas- 

'  J.  Am.  Chem.  Soc.,  IB,  409,  1894.  For  a  diaeussion  of  the  theory  of  the  proora, 
see  Lewkowitsch,  J.  Soc.  Chem.  Ind.,  17,  1107,  1898. 

*  J.  Am.  Chem.  Soc,  2S,  397,  1906. 

•  Z.  ang.  Chem.,  19,  665,  1891. 

'  The  potash  is  made  by  diHSolvinK  purified  potash  in  the  smallest  poesibte  quan- 
tity of  water  and  adding  absolute  alcohol. 


FIXED  OILS,  FATS  AND  "WAXES  1133 

ofioe  odor  disappears,  and  weighed.  From  the  appearance  of  the  residue  some 
idta  of  the  kind  of  unsaponifiable  matter  can  be  obtained.  This  in  the  case  of 
■perm  oil  will  be  mainly  solid  alcohols,  probably  of  the  ethylene  series. 

According  to  8chicht  and  Halpem  '  this  method  is  open  to  the  following  errors: 
meomplete  eaponification,  incomplete  extraction,  solubility  of  soaps  in  the  solv- 
eot,  and  the  solubility  of  the  unaaponifiable  matter  in  the  washing  solution.  Their 
improved  method  is  ss  follows :  5  grams  of  fat  ^  with  3  of  grams  soUd  caustic  pot- 
uhdissolvedinalitt]9WBterand25cc.  of  absolute  alcohol  are  boiled  half  an  hour 
unda  a  reflux  condenser.  After  cooling  25  cc.  of  10%  KCl  are  added  and  the  solu- 
tioo  is  then  shaken  four  times  with  200  cc.  of  petroleum  ether  distilhng  under  60°. 
Tlie  petn^um  ether  is  evaporated  and,  without  washing,  the  residue  is  dissolved 
in  25  cc.  absolute  alcohol  and  the  solution  made  slightly  alkaline  with  normal 
ilkali;  25  cc.  of  10%  KCI  are  added  and  the  shaking  with  petroleum  ether  repeated. 
Tbe  petroleum  ether  solution  is  shaken  with  100  cc.  of  50%  alcohol  and  the  wash 
BDlulion  with  100  cc.  petroleum  of  ether,  which  is  afterwards  washed  with  100  cc. 
rf  50%  alcohol.  After  combining  the  extracts  the  petroleum  ether  is  driven  off 
and  the  residue  dried  and  weighed. 

e  gasoline  which  leaves  no  residue  on  evsp- 

ItUntUeatlon  of  the  UruapanlSable  Matter.  The  unsaponifiable  matter  is 
dtlm  liquid  or  solid;  in  case  it  is  liquid,  it  may  be  (1)  hydrocarbon  otb,  either 
mineral,  or  formed  by  the  distillation  of  waste  fats,  as  wool  grease,  or  (2)  tar 
1^, "  dead  oils,"  etc.,'  obtained  by  the  distillation  of  coal  tar;  or  (3)  Toein  oils. 

If  it  be  a  question  of  one  of  these  three,  the  specific  gravity  will  usually  decide 
it;  that  of  the  hydrocarbon  oils  is  0.855  to  0.930,  of  the  rosin  oils  0.96  to  0.99, 
■hile  the  tar  oils  are  heavier  than  water.  Itosin  oils  would  be  shown  by  the  lie- 
bcnoana-Storch  test,  page  1 139 ;  a  mixture  of  mineral  and  tar  oils  would  be  iden- 
tified by  treatment  with  an  equal  quantity  of  nitric  acid,  sp.gr.  1.45,  both  pre- 
viously cooled  to  15°  C,  and  noting  the  rise  of  temperature.  Mineral  oils  give 
>  very  slight  rise,  being  paraffins,  while  the  tar  oils  belong  to  the  benzole  series 
ud  are  more  easily  nitrated.  Hydrocarbon  oils  from  distilled  grease  oleins  can 
l«  identified  by  their  refractive  index  and  rotatory  power.' 

Solid  unsaponifiable  matters  may  be: 

(4)  Paraffin. 

(5)  CerBwne — refined  ozokerite. 

(6)  Higher  alcohols  of  the  paraffin  series,  as  cetyl,  CuHhOH,  coming  from  the 
npodficatjon  of  sperm  oil  and  other  waxes. 

(7)  Cholesterol,  CiiHuOH,  and  its  isomers,  phytosterol,  sitosterol,  isocho- 
Interol,  etc. 

(8)  Lactones,  internal  anhydrides  of  oxy  acids  as  stearlactone, 

CmHmCHOHCH^H^OOH  -C,J1mCHCH,CH,C00+H,0. 
These  may  be  separated  by  boiling  fir  two  hours  with  an  equal  quantity  of  acetic 

'Chem.Ztg.SI  279,  1907. 

'  For  linseed  and  other  oils,  ten  or  twenty  times  thia  weight  should  be  used,  the 
Uili  being  correspondingly  increased. 
„  *ljiU  and  Fomeat,  J.  Am.  Chem.  8oe,  S2,  1071;  Gill  and  Mason,  J.  Am.Cbem.Soc., 

»,m. 
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anhydride;  if  the  subatance  dissolves  and  does  not  precipitate  on  cooling,  hitter 
alcohols  are  indicated;  if  &  muss  of  crystals  separates  out  on  cooling,  cholesterol 
and  its  isomers,  or  a  mixture  of  these  with  the  higher  alcohols  is  indicated;  if  an 
oily  layer  remains  on  top,  it  is  an  indication  of  the  presence  of  porafRn  or  cere- 
Bene.  For  the  complete  separation  and  identification  of  these  reference  must  be 
had  to  Lewkowitsch,  "  Analysis  of  Fats,  Oils,  and  Waxes,"  aa  it  is  beyond  the  limita 
of  this  chapter. 

Test  for  Animal  or  Vegetable  Oils.  Animal  oils  contain  cholesterol,  CuHuOH, 
irtiile  vegetable  oils  contain  the  isomeric  body  phytosterol;  hence  the  isolBtioD 
and  identification  of  these  compounds  enables  one  t«  say  with  certainty  as  to  the 
presence  of  one  class  of  oil  or  the  other — for  example  as  to  the  presence  of  fish  ihI 
in  linseed.  The  quantity  of  these  bodies  varies  from  0.2  to  1%.  The  method 
ia  essentially  that  of  Bomer.*  Fifty  grams  of  the  oil  are  boiled  in  a  fladi  with 
a  return  cooler  with  75  cc.  of  95%  alcohol  for  five  minutes  and  the  alcoholic  solu- 
tion separated;  this  is  repeated  with  another  portion  of  alcohol.  The  alcohoUc 
solutions  are  mixed  with  15  cc.  of  30%  sodium  hydroxide  and  evaporated  on  a 
water  bath  nearly  to  dryness  in  a  porcelain  dish  and  the  residue  shaken  out  iritb 
ether.  The  ether  is  evaporated,  the  residue  taken  up  with  a  little  ether,  filtered, 
again  evaporated,  dissolved  in  95%  alcohol  (by  volume),  and  allowed  to  crys- 
tallize slowly.  Bomer  states  that  the  form  of  the  crystals  is  more  to  be  relied 
Upon  than  a  determination  of  their  melting-point.  Cholesterol  crystallizes  from 
alcohol  or  ether  in  leaflets  or  rhomboid  tables  containing  one  molecule  of  water 
of  crystallization.  Phytosterol  crystalliaes  also  from  alcohol  with  one  molecule 
of  water  in  needles  forming  stars  or  bundles.  As  a  further  means  of  identification, 
some  of  the  esters  should  be  made  and  their  melting-points  determined. 

To  this  end  the  crystals  above  obtained  are  heated  over  a  low  flame  in  a  small 
porcelain  dish  covered  with  a  watch-glass,  with  2  or  3  cc.  of  acetic  or  other  acid 
anhydride  until  it  boils:  the  watch-glass  is  removed  and  the  excess  of  anhydride 
evaporated  on  the  water  bath.  The  contents  of  the  dish  are  treated  with  a  small 
quantity  of  absolute  alcohol  to  prevent  crystallization,  more  alcohol  added  and 
the  solution  allowed  to  crystallize.  The  crystals  are  filtered  off  through  a 
very  small  filter,  washed  with  a  small  quantity  of  95%  alcohol^  dissolved  in  abso- 
lute alcohol,  and  recrystallized  until  a  constant  melting-point  is  obtained. 

The  following  table  shows  the  corrected  melting-points  of  these  alcohols  and 
their  esters: 

Chalcstcral.  Phy(o«tcrol. 

Alcohol 148-150.8°  136-143.8° 

Acetate 113-114°  120-137° 

Bentoate 135-151 '  142-148° 

Propionate 97-98°  KH-IOS" 

Notes.  8ome  directions  statC;  in  isolating  the  cholesterol  or  phytoaterol,  to 
boil  with  the  30%  sodium  hydroxide  until  one-fourth  of  the  alcohol  is  evaporated. 
As  a  result  of  repeated  experiments  this  has  been  found  to  cut  down  the  yield  eo 
much  that  on  a.  krge  scale  practically  none  of  these  bodies,  particularly  phytoaterol, 
was  obtained.  This  agrees  with  the  observation  of  Lewkowitsch  that  by  heating 
choIeBterol'with  normal  alcoholic  potash,  cholesterin  hydrate  is  obtained. 

The  following  tent  will  serve  to  differentiate  tietween  cholesterol  and  phytogteral-' 
A  very  small  quantity  of  cholesterol  is  warmed  with  1.5  cc.  absolute  alcohol  and  • 

'  J.  Soc.  Chero.  Ind.,  17,  954,  1898;  Tolman,  J.  Am.  Chem.  Soc.,  27,  590,  190S; 
Tolman,  Bull.  107,  U.  S.  Dept.  Agriculture,  1907. 

>  Neuberg  and  Rauchwerger,  abstr.  J.  Soc,  Chem.  Ind.,  SS,  1163,  19M. 
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nee  ot  iBodulcit  or  rhamnoBe  (S-di  methyl  furfural}  added.  After  cooling,  an  equal 
mtume  of  concentrated  sulphuric  acid  is  added,  so  as  to  form  a  layer  below  the  aolu- 
ion,  whereupon  a  raspberry-colored  ring  ia  produced  at  the  toue  of  contact  of  the 
nrn  h^ida.  On  mixing  the  layers  while  the  tube  ia  cooled  in  a  current  of  cold  water 
tke  nuxture  becomes  intensely  colored.  With  phytosterol  the  reaction  fails  or  at 
■M  B  pink  color.     Similar  reactions  are  given  by  abietic  acid. 

As  little  aa  1  %  of  cotton-seed  has  been  found  in  lard,  and  4%  in  any  oil  have  been 
detected  by  this  test. 

For  the  means  of  distinguishing  between  drying  and  marine  animal  oils,  see  Halphen, 
J.  Phann.  Chim-,  U,  391  (1901),  abstracted  J.  Soc.  Cbem.  Ind.,  81,  74,  or  Chem. 
Gentndb.,  72,  ii,  1097  and  1323. 

Tests  for  An tifluore scents.'  It  is  often  desired  to  remove  the  fluorescence 
«  "  bloom  "  from  petroleum  oilB.  This  may  be  effected  by  refining  with  chromic 
tad,  or  more  easily  by  the  addition  of  a  small  quantity  of  nitro-naphthalene 
n  nitro-benzene.     The  latter  may  often  be  detected  by  the  odor. 

The  test  is  made  by  boiling  about  1  cc.  of  the  oil  with  3  cc.  of  10%  alcoholic 
potash  for  one  to  two  minutes.  If  either  of  the  nitro  compounds  be  present, 
abbod-  or  violet-red  coloration  is  produced;  a  pure  mineral  oil  is  changed  only 
to  ^low  or  browniah-yellow  by  this  treatment.  In  case  the  characteristic  color 
doa  not  appear  the  following  test  may  be  apphed.'  It  depends  upon  the  reduc- 
tioD  of  the  nitro  bodies  to  their  amines. 

A  few  cc.  of  the  oil  are  heated  with  feathered  tin  and  hydrochloric  acid 
b  an  &lenmeycr  flask  for  ten  minutes:  this  can  be  aided  by  the  introduction  of 
1  piece  of  platinum  wire.  The  oil  is  separated  by  a  separatory  funnel  and  filtra- 
tioD  through  a  wet  filter,  the  filtrate  treated  in  another  separatory  with  sodium 
hydrate  until  the  tin  hydrate  rediasolves  and  shaken  out  with  10-20  cc.  of  ether. 
Hk  amines  go  into  solution  in  the  ether,  giving  to  it  a  violet  color  and  fluores- 
cence in  the  case  of  o-oai^thylamine.  These  can  be  recognized  by  their  odor, 
that  of  naphthylamirie  being  very  characteristic.  The  latter  may  be  recog- 
lUKd  by  dissolving  in  hydrochloric  acid,  evaporating  the  latter,  and  upoa  treat- 
ment with  ferric  chloride  obtaining  an  azure-blue  precipitate.  This  changes  when 
filtered  off  to  purple-red  and  the  filtrate  to  violet. 

Aniline  can  be  recognized  by  solution  in  concentrated  sulphuric  acid  and 
the  red  and  then  blue  color  which  appears  on  the  addition  of  a  small  crystal  of 
potassium  bichromate.  Free  aniline  is  also  temporarily  colored  violet  by  a  solu- 
tioD  of  bleaching  powder. 

Acetyl  Value.  The  estimation  of  the  acetyl  value  is  seldom  required  in  oil 
analyHs,  it  being  characteristic  only  when  triglycerides  are  present.  For  a 
description  of  the  method  and  its  applications,  reference  must  be  had  to  the 
larger  works,  aa  Lewkowitach  or  Allen. 

Special  Tests  for  Certain  Oils 

I^wkowitsch  says'  "  It  should  be  distinctly  understood  that  color  reactions 
taken  by  themselves  should  not  be  relied  upon  as  giving  a  decisive  answer.  At 
heattbty  can  only  be  used  ns  a  preiiminary  test,  or  as  a  confirmatory  teat.  The 
*•*  with  which  this  teat  can  be  carried  out,  and  its  apparent  reliability,  have 
led  to  an  over-estimation  of  this  very  useful  and  important  reaction;  ho  much 

'Hdde,  3.  Soc.  Chem.  Ind.,  13,  906,  1893. 

'  Uolde,  "  Examination  of  Hydrocarbon  Oils,"  p.  168. 

'"CbemicalTechnology  and  ilnalysis  of  Fats,  Oils  and  Waxes,"  8,2  3 
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BO,  that  grave  errors  may  be  committed  by  those  who  asaga  to  this  test  an  exclu- 
sive or  even  a  paramount  importance.  It  is  alto^ther  unjustifiable  to  Icwic  upou 
this  test,  as  has  been  done,  as  permitting  of  quanti.ative  interpretation." 

Bechi's  Test  for  Cotton-seed  OiL  This  depends  upon  the  supposition  that 
a  BubBtance  of  an  aldehydic  nature  which  reduces  silver  nitrate  is  contained 
in  the  oil.     The  method  is  essentially  that  of  Milliau,' 

Fifteen  grams  of  oil  are  weighed  into  a  No.  6  porcelain  dish,  using  the  coarse 
scales,  and  heated  for  about  ten  minutes  upon  the  water  bath;  a  mixture  of  10  <x. 
of  30%  caustic  soda  and  10  cc.  of  the  alcohol  is  slowly  poured  upon  the  oil. 
The  whole  is  occasionally  stirred  until  the  mass  becomes  clear  and  homo- 
geneous, and  150  cc.  of  hot  distilled  water  slowly  added  so  oa  not  to  decompose 
the  soap,  and  the  boiling  continued  until  the  alcohol  is  expelled.  Dilute  sul- 
phuric acid  (1 :10]  is  added  to  acid  reaction,  and  the  separated  fatty  acids  washed 
three  times  by  decantation  with  cold  water.  A  portion  of  these  is  brought  into 
a  large  test-tube,  15  cc.  of  alcohol  and  2  cc.  of  3%  silver  nitrate  solution  are 
added,  the  tube  is  wrapped  with  brown  paper,  held  in  place  by  an  elastic  band, 
and  heated,  with  constant  stirring,  in  the  water  bath  until  one-third  of  the 
alcohol  is  expelled,  which  is  replaced  by  10  cc.  of  water.  This  heating  is  con- 
tinued for  a  few  minutes  longer  and  the  coloration  of  the  insoluble  tatty  acids 
observed.  The  presence  of  cotton-seed  oil  in  any  appreciable  proportion  causes 
a  mirrorlike  precipitate  of  metallic  silver,  which  blackens  the  fatty  acids  of  the 
mixture. 

Notes',  The  alcohol  should  be  proved  free  from  aldehvde  by  a  blank  test.  Un- 
less the  mixture  in  the  test-tube  be  thoroughly  slirred  while  heatinn,  it  will  "bump" 
and  eject  the  contents.  Other  methods  of  procedure  consist  in  applying  the  test  to 
the  oil  itself,  often  after  treatment  with  dilute  caustic  soda  and  nitric  acid.  {Wessan.') 
The  writer  had  a  case  in  which  the  oil  gave  the  test  while  the  fall]/  acidt  gave  do 
blackening,  showing  there  was  somethine  in  the  oil  itself  other  than  cotton-eeed  oil 
which  reduced  the  silver  nitrate.  Students  have  no  difficulty  in  detecting  a  5% 
adulteration  with  cotton-seed  oil. 

Dupont  *  thinks  that  the  reduction  of  silver  nitiale  is  due  rather  to  sulphur  com- 
pounds contained  in  the  oil;  by  passing  steam  over  the  oil  he  obtained  a  product 
containing  sulphur  and  the  oil  still  (jave  the  Bechi  test.  This  work  has  been  renealed 
and  confirmed  by  the  author.'  It  is  to  be  noted  that  while  the  fatty  acids  blacken 
silver  nitrate  they  do  not  color  cadmium,  lead,  or  copper  salts,  but  reduce  mercury 
compounds.  No  indication  of  an  aldehyde  was  noted  bv  the  fuchsine  or  ammonia 
tests.  The  supposition  that  the  reducing  substance  is  aldehydic  in  its  nature  finds 
support  in  the  fact  that  if  the  oil  be  heated  to  240°  '  or  be  kept  for  some  time  *  it 
loses  this  peculiar  property. 

By  purifying  the.  acids  by  the  lead  salts  Tortelli  and  Ruggeri '  are  able  to  detect 
as  little  as  10%  of  heated  cotton-seed  oil. 

It  is  to  be  noted  that  pure  lard,  tung  and  olive  oil  are  not  infrequently  met 
with  which  give  the  test,  cunscquently  its  indications  cannot  be  considered  as 
conclusive. 

Hatphen's  Test  for  Cotton-seed  OH.*    This  depends  upon  t^  observatiDD 

>  J.  Am.  Chem.  8oc.,  15,  164,  1893. 

■  J.  Am.  Chem.  Hoc.,  17,  723,  1895. 

>  Bull.  Soc.  Chem.  13),  18,  696;  J.  Soc.  Chem.  Ind.,  14,  811,  1895:  also  Charabot 
and  March,  Bull.  Soc.  Chim.,  SI,  252.  lBd9. 

•  Gill  and  Dennison,  J.  Am.  Cliem.  Soc,  24,  397,  1902. 
•Holde,  J.  Soc.  Chem.  Ind.,  11,  6;i7,  1892. 
'  Wilson,  Chem.  News,  &»,  99,  1889. 
'J.  Soc.  Chem.  Ind.,  «0,  753,  1901. 

■  Halnhen,  J.  Phann.  Chim.,  390.  1897. 
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that  this  oil  contains  an  unsaturated  fatty  acid  which  combines  with  sulphur, 

^ving  a  colored  compound.' 

Pt  ctdwe.  Ten  ce.  of  the  oil  or  melted  fat  are  heated,  in  a  large  test-tube 
with  a  long  glaas  condeneer  tube  attached,  with  an  equal  volume  of  amy!  alco- 
h(d  and  of  carbon  bisulphide  solution  of  sulphur  (Reagents),  at  first  with  frequent 
agitation,  in  a  Bt«am  bath,  and  then,  after  the  violent  boiling  has  ceased,  in  a 
bnne  bath  (105-1 10°)  for  forty-five  minutes  to  three  hours,  according  to  the  quan- 
tity of  adulterant  present,  the  tube  being  occasionally  removed  and  shaken. 

,Ai  little  as  1%  will  give  a  crimson  wine  coloration  in  twenty  minutes.* 

Notes.  If  the  mixture  be  heated  for  too  long  a  time  a  misleading  brownish- 
led  color  due  to  burning  is  produced.  The  reaction  scema  to  be  peculiar  to  this  oil; 
it  is  more  aenntive  with  freah  than  old  fats,  and  while,  by  comparison  with  a  blank, 
A  <rf  1%  is  noticeable,  \  of  1%  is  easily  detected.  Cotton-eeed  oil  which  has  been 
Sc^ed  to  250°  does  not  give  the  test;  the  oil  is  then  not  available  as  food.  Heating 
to 200°  does  not  interfere  with  the  test.' 

Tlte  test  is  not  given  by  an  oil  which  has  been  oxidized  with  sulphuric  acid  and 
potiMum  permanganate,  although  BUch  an  oil  gives  the  Bechi  test,'  This  ^ows 
lint  ibe  two  tests  are  not  jirodu^  by  the  same  substance.  Nor  is  this  test  or  that 
d  Bechi  given  by  an  oil  which  has  been  treated  with  chlorine  or  sulphurous  acid.' 
U  lnat«d  with  the  former  it  is  no  longer  edible;  an  oil  treated  with  sulphurous  acid 
ud  washed  with  alcohol  cannot  be  distinguished  from  ordinary  cotton-seed  oil  and 
doea  not,  as  already  stated,  respond  to  either  the  Hatphen  or  Bechi  test.  In  this 
(Me  the  test  for  ^yt«eterol  is  the  only  means  of  determining  if  it  has  been  added 
tou  animal  oil.  The  test  is  also  given  by  kapok  oil,  which  is  used  as  an  edible  oil  in 
Ctdna,  the  East  and  West  Indies,  and  in  Africa;  baobab  oil  also  gives  it. 

l^d  from  hogs  fed  on  cotton-seed  meal  shows  this  reaction  strongly,  as  if  it  were 
I     2i%oil.'    The  butter  from  cows  similarly  fed  also  yields  the  reaction.' 

The  test  may  be  applied  to  the  soaps  or  fatty  acids,  provided  they  are  not  too 
dee^  colored. 
I     .    The  amvl  alcohol  cannot  be  omitted  nor  substituted  by  ethyl  alcohol  without 
'     mpuiiii^  the  delicacy  of  the  test.'    The  compound  in  the  oil  cannot  be  removed 
l^treatrng  with  animal  charcoal.* 

i  Hezabfomide  Test  for  Linseed  OiL  The  object  of  the  test  is  to  determine  the 
imount  of  insoluble  bromides  of  the  fatty  acids  contained  in  the  oil. 

I  fifteen  grams  of  the  oil  are  saponified  by  boiling  with  15  cc.  of  potassium  hydrox- 
ide ntution,  sp.gr.,  1.35,  and  15  cc.  of  alcohol  in  a  flask  under  a  reflux  condenser; 
3ft)  cc.  of  warm  water  are  added  and  the  solution  distilled  with  steam  until  the 
■itobol  is  removed.  Dilute  sulphuric  acid  is  added  to  excess,  the  solution  heated 
imti!  the  fatty  acids  are  obtained  as  a  clear  oily  upper  layer;  this  is  washed  several 
tiroes  with  hot  distilled  water  until  free  from  sulphuric  acid,  using  methyl  orange 
u  an  indicator.  This  does  not  react  with  fatty  acids  of  low  molecular  weight 
which  being  soluble  in  water  may  redden  litmus.  This  washing  is  effected  in  an 
Btmoapbere  of  inert  gas,  carbonic  acid  or  hydrogen  by  stopping  the  flask  with  a 
three-holed  stopper,  carrying  a  siphon,  an  entrance  and  an  edt  tube  for  the  gas. 

'  Raikow,  Cbem.  Zts.,  E4,  562,  533,  1900. 
•OiUr,  Am.  Chem.  J.,  24,  355;  abatr   Anal.,  2B,  22,  1901. 

■Fischer  and  Peyan.  Analyst,  30,   131,   1905;   SolUien,   Z.  ulTentl.  Chem.,  &,  135. 
1899:  J.  Soc.  Chem.  Ind.,  18,  866. 
'  Raikow,  loc.  cit. 
'Petkow,  Analyst,  S2,  123,  1907. 
■Soltsiea,  Z.  CKentl.  Chem.,  7,  140,  1901. 
'  Wautefa,  J.  Soc.  Chem.  Ind.,  IJ,  172,  1900. 
■Sohaiea,  loc  cit.,  26,  Oilar,  loc.  cit. 
*  Uti,  R«T.  Fett  u.  Han.  Ind.,  9. 125,  1902. 
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The  acida  are  siphoned  into  a  small  Erienmeyer  flaak  and  in  case  a  few  diopt  at 
water  come  over — an  equal  quantity  of  alcohol  added  and  dried  upon  the  water 
bath  in  a  stream  of  dry  inert  f^. 

In  order  to  test  for  the  presence  of  unsaponified  fat,  3  cc.  are  dissolved  n 
15  ec.  of  95%  (by  volume)  alcohol,  and  15  cc.  of  aqueous  ammotua  are  added.  If 
an  appreciable  amount  of  tat  has  escaped  saponification,  the  mixture  will  become 
turbid  (Geitel). 

Two  grams  of  mixed  fatty  acids  '  are  dissolved  in  a  flask  in  27  cc.  of  dry  etber, 
cooled  down  to  10°  C,  and  0.25  cc.  of  bromine  allowed  to  run  into  the  solutiui 
from  a  very  finely-d^awn^)ut  pipette,  the  time  allowed  for  this  being  about  twenty 
minutes.  The  remaining  0.25  cc.  of  bromine  is  added  somewhat  more  rapidly, 
within  about  ten  minutet<,  the  bromination  thus  occupying  about  thirty  minulo. 
The  authors  attach  great  value  to  the  exact  observance  of  the  time.  The  tempen- 
ture  should  never  be  allowed  to  rise  during  bromination  almve  5°.  The  flask  la 
corked  and  allowed  to  stand  for  two  hours  at  0°.  The  ethereal  solution  is  next 
decanted  through  a  weighed  asbestos  or  paper  filter  (Lewkowitsch)  and  the 
precipitate  is  washed  with  five  lots  of  5  cc.  each  of  dried  and  cooled  ether.  Aft« 
complete  draininf;,  the  precipitate  is  dried  for  two  hours  at  80°  to  85°,  and  allowed 
to  cool  in  a  desi<:cat<)r.  The  temperature  is  designedly  kept  below  100°,  as  Um 
authors  found  that  the  color  of  the  hexabromide  becomes  somewhat  gray  if  tiie 
drying  takes  plare  at  100°.  The  melting-point  of  the  hexabromides  was  177°, 
whereas  the  melting-point  of  pure  hexabromide  has  been  found  to  be  highff- 
No  doubt  the  low  melting-point  is  due  to  the  drying  having  been  carried  out  bdow 
100°. 

Nevertheless  small  traces  of  retained  moisture  cannot  account  for  the  mucb 
lai^r  yield  of  hexabromide  which  the  authors  obtained. 

The  yields  of  hexabromide  obtained  by  these  authors  are  as  follows: 


F.tty  Add. 

Per  rent. 

Putty  Arid! 

PtttaA. 

64.12 
57-96 
51.73 
51.66 
50.50 

1     ^  nil 

::)    6u 

1 

1 

Reoard's  Test  for  Peanut  Oil.'  Tolman  <  has  modified  this  as  follows: 
Weigh  20  grams  of  oil  into  an  Erienmeyer  flitsk.  Saponify  with  alcoholic 
potash,  neutralize  exactly  with  dilute  acetic  acid,  using  phenolphthalein  as  indica- 
tor, and  wash  into  a  500-cc.  flask  containing  a  boiling  mixture  of  100  cc.  of  water 
and  120  cc.  of  a  20%  lead  acetate  solution.  Boil  for  a  minute  and  then  cool  the 
precipitated  soap  by  immersing  the  flask  in  wal^'r,  occasionally  giving  it  a  whirling 
motion  to  cause  the  soap  t«  stick  to  the  sides  of  the  flask.  After  the  flask  has 
cooled,  the  water  and  excess  of  lead  can  be  poured  nif  and  the  soap  washed  with 
cold  water  and  with  90%  (by  volume)  alcohol.  Add  200  ce.  of  ether,  cork,  &nd 
allow  to  stand  for  some  time  until  the  soap  is  disintegrated,  heat  on  the  water 

'  Eibner  and  Mupftcntholer,  Farlx-n  Ztg.,  1912. 

>  Renard,  Compt.  rend.,  73,  i:i30,  1871 :  iilso  .\rchbutt,  J.  Soc  Chem.  Ind.,  17, 1121 

'  BuU.  107,  V.  &.  Dcpt.  Agriculture,  1907,  p.  145. 
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kth,  uffiDg  a  reflux  condenser,  and  boil  for  about  five  minutes.  In  the  oik  most 
(  the  soap  will  be  dissolved,  while  in  lards,  which  contain  much  stearin,  part 
■in  be  left  undissolved.  Cool  the  ether  solution  of  soap  to  15°  or  17°  C.  and 
\A  it  stand  until  all  the  insoluble  soaps  have  crystallised  out  (about  twelve 
hoars). 

Filter  and  thoroughly  wash  the  precipitate  with  ether.  Wash  the  soaps  on 
the  filter  back  into  the  flask  by  means  of  a  stream  of  hot  water  acidified  with 
tirdRKhloric  acid.  Add  an  excess  of  dilute  hydrochloric  acid,  partially  fill  the 
tA  with  hot  wat«r.  and  heat  until  the  fatty  acids  form  a  clear  oily  layer.  Fill  the 
tide  with  hot  water,  allow  the  fatty  acids  to  harden  and  separate  from  the  pre- 
(imitated  lead  chloride,  wash,  drain,  repeat  washing  with  hot  water,  and  dissolve 
the  fatty  acids  in  100  cc.  of  boiling  90  per  cent  (by  volume)  alcohol.  Cool  to 
li'  C,  shaking  thoroughly  to  aid  crystallization. 

From  S  to  10  per  cent  of  peanut  oil  can  be  detected  by  this  method,  as  it 
ificcts  a  complete  separation  of  the  soluble  acids  from  the  insoluble,  which  inter- 
he  with  the  crystallization  of  the  arachidic  acid.  Filter,  wash  the  precipitate 
t»ice  with  10  cc.  of  90%  (by  volume)  alcohol,  and  then  with  alcohol  70%  <by  vol- 
ume). Dissolve  off  the  filter  with  boiling  absolute  alcohol,  evaporate  to  dryness 
in  a  weighed  dish,  dry  and  weigh.  Add  to  this  weight  0.0025  gram' for  each  10  co. 
<i  90%  alcohol  used  in  the  crystallization  and  washing  if  done  at  15°  C. ;  if  done 
»t20°  add  0.0045  gram  for  each  10  cc.  The  melting-point  of  arachidic  acid  thus 
obtiined  is  between  71°  and  72"  C.  Twenty  times  the  weight  of  arachidic  acid 
liU  give  the  approximate  amount  of  peanut  oil  present.  No  examination  for 
uhiherants  in  olive  oil  in  complete  without  making  the  test  for  peanut  oil.  Ara- 
chidic acid  has  a  characteristic  structure  and  can  be  detected  by  the  microscope. 

Bach's  Test  for  Rapeseed  Oil.  According  to  O.Bach,' the  acids  obtained  from 
ipe-seed  oil  are  completely  insoluble  in  David's  alcoholic  acetic  acid,  in  the 
fwportion  of  1  to  15,  by  volume;  those  from  cottonseed,  peanut,  sesame,  and 
Wnflower  oil  dissolve  on  heating.  Those  from  the  last  oil  separate  as  a  granular 
precipitate  at  15°,  while  from  the  other  three  they  gelatinize.  The  acids  from 
dive  oU  are  completely  soluble  at  the  ordinary  temperature.  David's  acid  is 
nude  by  mixing  22  cc.  of  50%  acetic  acid  (by  volume)  with  30  cc.  of  alcohol,  sp.gr, 
0817,  92.07%  (by  weight.) 

Note.  The  author  has  found  that  Bach's  observation  cannot  be  implicitly 
idicd  upon,  as  some  rape-seed  oils  yield  acids  which  are  soluble  in  David's  mixture. 

liebeniuum-Storch  Test  for  Roain  OIL  One  or  2  cc.  of  the  oil  are  shaken 
*i(h  an  equal  quantity  of  acetic  anhydride  and  gently  warmed.  When  cool 
tie  acetic  anhydride  is  pipetted  off  and  tested  by  the  addition  of  1  drop  of  con- 
cotrsled  sulphuric  acid.  A  fine  violet  color  is  produced  in  the  presence  of  rosin 
(d.  Tui^c  oil  and  also  cholesterol,  which  is  contained  in  the  animal  fats,  produce 
■  dinilar  coloration;  the  latter  can  be  removed  by  saponifying  the  oil  as  completely 
■t  possible  and  shaking  out  the  somewhat  dilute  soap  solution  with  ether  or 
petroleum  ether.  The  soap  solution  is  then  acidified,  setting  free  the  fatty 
«ids,  and  these  treated  with  acetic  anhydride  as  if  they  were  the  oil. 

Bandouin's,  or  Camoin's  test  for  Sesamfi  Oil.  Villavecchia  and  Fabris* 
i|^y  the  test  as  follows:  0.1  gram  sugar  is  dissolved  in  10  cc.  oi  hydrochloric  acid 

'Allen.' 
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of  specific  gravity  1.18  in  a  test-tube,  and  20  grams  of  the  oil  to  be  tested  added, 
the  whole  thoroughly  ehaken  and  allowed  to  stand.  In  the  presence  of  1%  d 
gesam6  oil  the  aqueous  liquid  will  be  colored  red,'  due  to  the  action  of  the  fur- 
furol  formed  upon  the  oil.  They  state^that  as  olive  oils  of  undoubted  purity  have 
shown  the  reaction  in  the  aqueous  layer  and  not  in  the  oily  stratum,  the  color  dioald 
be  looked  for  in  the  latter. 

The  sugar  may  be  replaced  by  O.I  cc.  of  a  2%  solution  of  furfurol  and  half  the 
quantity  of  oil  used. 

Milliau*  saponifies  as  in  the  Bechi  test  and  dries  the  acids  at  105°.  Lew- 
kowitsch  *  states  that  this  is  a  needless  complication.  Da  Silva  *  states  that  this 
teat  has  given  colors  with  certain  Portuguese  olive  oils;  also  those  of  Bari  Briodia 
and  Lecce.  Kreis  *  states  that  the  active  or  color-giving  constituent  is  probably 
phenolic  in  its  nature.  The  reaction  is  given  by  other  substances,*  as  vanillin,  oil 
of  cloves,  and  cinnamon;  this  should  be  borne  in  mind  in  testing  oils  which  have 
been  extracted  from  confectionery.  Rancid  fats  prevent  the  coloration;  it  can, 
however,  be  brought  about  even  in  rancid  fate  by  the  addition 
of  an  equal  quantity  of  cotton-eeed  oil. ' 

Free  Acid  Test  About  10  grams  of  oil  are  weighed  (to 
centigrams)  into  a  250-cc.  Erlenmeyer  flask,  60  cc.  of  neutral 
alcohol  (Reagents)  added,  the  mixture  wanned  to  about  60° 
C,  and  titrated  with  N/6  potassium  hydrate,  using  phenol- 
phthalein,  the  Sask  being  frequently  and  thoroughly  shaken. 
The  result  is  conventionally  reported  in  ^r  cent  of  oleic  acid; 
1.0  cc.  N/6  KOH  is  equivalent  to  0.047  gram  oleic  acid.  Or 
it  can  be  reported  like  the  saponification  number,  in  milli- 
grams of  KOH  per  gram  of  oil. 

Spontaneous  Combustion  Test  Mackey's  Apparatns. 
The  apparatus,*  Fig,  92a,  consists  of  a  cylindrical  copper  water 
bath  7  in.  high  and  4  in.  in  diameter  (inside  measurements), 
surrounded  with  a  )-in.  water-jacket.  The  cover  is  packed 
with  asbestos  and  carries  the  draft  tubes  A  and  B,  )  in.  in 
diameter  and  6  in.  long,  which  cause  a  current  of  air  to  be 
sucked  down  B  and  up  A,  thus  ensuring  a  circulation  of  air 
in  the  apparatus:  C  is  a  cylinder  made  of  24-mesh  wire  gauie 
6  in.  high  and  1}  in.  in  diameter  had  su^qrarted  upon  a  pro- 
jection from  the  bottom  of  the  bath.  A  thermometer  projects 
down  into  the  center  of  the  cylinder;  if  a  metal  condenser 
be  connected  to  the  water  bath  it  can  be  used  indefinitely  without  refilling 
and  without  danger  of  burning  out. 

Seven  grama  of  ordinary  bleached  cotton  wadding  or  "  absorbent  cotton  " 
are  weighed  out  in  a  porcelain  dish  or  on  a  watch-glass,  and  14  grams  of  the  oil 
to  be  tested  poured  Upon  the  cotton  and  thoroughly  worked  into  it,  cai«  being 

'  Ibid.,  1893,  505;  abstr.  Analyst,  1»,  47. 

» J.  Am.  Chem.  Soc..  15, 162,  1893. 

'  "  Oila,  Fals  and  Waxes." 

<  J.  Soc.  Chem.  Ind.,  17,  275,  1898. 

'Chem.  Ztg-,  27,316,  1903. 

•  Gerber,  Analyst,  82,  90,  1907. 

'  Lauff  and  Hinsmann,  Chem.  Ztg.,  31,  1023,  190S. 

»  Mackey,  J.  Soc.  Chem.  Ind.,  15,  90,  1896;  Gill,  ibid.,  M,  185,  1907. 
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tikn  to  T^dace  any  oil  that  is  lost.  The  cotton  is  then  placed  in  the  cylind^, 
Vaited  about  the  thermometer  so  that  it  occupies  the  upper  4i  in.  of  the  cylinder, 
ud  put  into  the  boiling  water  bath.  After  the  expiration  of  an  hour,  the  bath 
tuTiDg  been  kept  in  active  ebullition,  the  t«mperature  is  read.  Any  oil  which 
AoWBatemperatureexceedinglOO'C.  inonehour,  or200°  C.  in  two  hours,  should 
beregarded  as  a  dangerous  oil,  or  liable  to  produce  spontaneous  combuetioD.  The 
fdlowing  tables  show  the  results  obtained  in  using  this  apparatus.' 


0„. 

1 

™p.r.t.„=C. 

c 

1  br. 

lib™. 

■  t  bn. 

97-98    * 
112-128 

98-103 
102-lU 

100 

177-242 

101-115 

CWtc®«ed 

194-282 

Other  values  obtmned  were: 


Oil. 

Te»p, 

^:^u 

lodioe, 

FnaAaid. 
I>eresnt. 

Obe 

234 
234 
158 
234 
234 
97 

130 

75 
188 
70 
65 
135 

85.4 
75,2 
60.5 
108.9 
168.1 
16.2 

Uid. 

TinwH 

2S'PH«(fai.. 

Besides  being  used  for  testing  oils  it  can  be  applied  to  testing  other  toaterials, 
oly  waste,  sawdust,  or  any  mixtures  suspected  of  causing  spontaneous  combustion. 

"  The  results  >  of  the  greatest  practical  value  obtained  in  the  use  of  this  appa- 
RtM  have  been,  first,  determining  the  cause  of  fires;  and,  second,  determining  the 
d^tee  of  safety  of  the  various  oils  used  in  manufacturing.  Mineral  oil,  as  is 
weO  known,  is  not  liable  to  spontaneous  combustion;  and  a  certain  percentage  of 
mimal  or  vegetable  oil  may  be  added  to  mineral  oil  without  materially  increasing 
the  danger  under  ordinary  circumstances.  This  percentage  varies  according  to 
tbeoil;  with  neat's-foot  and  first  quality  lard  oil  some  50  to  60%  may  be  used,  with 
ntton-seed  not  over  25%  is  allowable.  The  claim  so  often  made  for  so-called 
'tiie '  oils,  said  to  have  been  changed  by  special  and  secret  processes  of  refining 
n  KB  to  be  no  longer  dangerous,  is  easily  exposed  by  this  test." 

Drring  Test  Upon  Glass.'  A  few  drops  of  oil  are  brought  upon  a  glass  plate 
indined  at  about  30°  from  the  horizontal.  A  test  of  the  oil  is  made  from  time 
to  time  by  touching  it  with  the  fingers,  the  time  at  which  it  does  not  soil  them 
being  noted  as  the  point  when  it  is  dry.     Good  oil  should  dry  in  three  days. 

Archhutt*  makes  this  test  as  follows:  A  piece  of  polished  plate-glass  7  cm. 
KfUK  by  4  mm.  thick  is  cleaned  and  counterpoised  on  the  balance;  it  is  then 
Ivated  for  an  hour  at  200°  C.  in  an  air  bath  to  thoroughly  dry  it.     It  is  taken  out, 

'  Richards,  Tech.  Quarterly,  4,  346,  1891. 
■  Amsel,  J.  Soc.  Chem.  Ind.,  15,  222,  1896. 
*  J.  Soc.  Chem.  Ind..  18,  347,  1899. 
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laid  on  a  non-conductor,  allowed  to  cool  for  three  or  four  miautes,  and  the  hot  (^an 
thinly  painted  with  the  oil  to  be  tested  by  means  of  a  camel's-haJr  brush.  When 
the  glass  is  cold  it  is  weighed  and  sufficient  oil  added  to  make  it  up  to  0.1  gnun. 
Two  glasses  are  coated  with  the  sample  and  two  with  a  standard  oil,  all  placed  on 
a  level  surface  in  a  lai^  air  bath  at  50°  C.  and  heated  for  nine  hours;  one  set  of 
plates  is  withdrawn,  cooled,  and  tested  by  the  finger.  Good  raw  linseed  is  tacky, 
when  tested  by  the  finger  when  cold,  in  nine  hours  and  dry  in  twelve;  corn  oil  is 
practically  dry  in  fifteen  hours,  though  slightly  tacky;  cottonseed,  partially  dry 
in  eighteen  hours  and  fully  dry  in  twenty-one.  Refined  rape  oil  dried  in  foit;^ 
eight  hours,  and  olive  oil  was  sticky  after  thirteen  days. 

Titer  Test.  Under  this  rather  misleading  title  is  expressed  the  solidificatioa 
point  of  the  fatty  acids  derived  from  a  fat  or  oil;  it  has  nothing  at  all  to  do  with 
titration,  as  might  be  expected.  The  test  is  extensively  used  for  the  evaluation 
of  fats,  and  according  to  the  method  provisionally  adopted  by  the  Association  of 
Official  Agricultural  Chemists  is  carried  out  as  follows:' 

(a)  StandaTd  Thermometer.  The  thermometer  must  be  graduated  in  tenth 
degrees  from  10°  to  60°,  with  a  zero  mark,  and  have  an  auxiliary  reservoir  ri 
the  upper  end,  also  one  between  the  zero  mark  and  the  10°  mark.  The  cavity 
in  the  capillary  tube  between  the  ^ero  mark  and  the  10°  mark  must  be  at  lead 
1  cm.  below  the  10°  mark,  the  10"  mark  to  be  about  3  or  4  cm.  above  the  hulb, 
the  length  of  the  thermometer  being  about  15  in.  over  all.  The  thermometer  i» 
annealed  for  75  houre  at  450°  C,  and  the  bulb  is  of  Jena  normal  16'"  glase, 
mwlerately  thin,  so  that  the  thermometer  will  be  quick  acting.  The  bulb  is  abwit 
3  cm.  long  and  6  mm.  in  diameter.  The  stem  of  the  thermometer  is  6  mm.  in 
(iiameler  and  made  of  the  best  thermometer  tubing,  with  scale  etcbeti  on  the  stem, 
the  graduation  to  be  clear-cut  and  distinct,  but  quite  fine. 

(h)  Delermifiatiori.  Saponify  75  grams  of  fat  in  a  metal  dish  with  60  cc.  of  30% 
sodium  hydroxide  (36°  Baum^)  and  75  cc.  of  95%  (by  volume)  alcohol  or  120  cc. 
of  walcr.  Boil  to  drjTiess,  with  constant  stirring  to  prevent  scorching,  o\'er  a  very 
lowflame  or  over  an  iron  or  asbestos  plate.  Dissolve  the  dry  soap  in  a  liter  of  boilini 
water,  and  if  alcohol  has  been  used,  boil  for  forty  minutes  in  order  to  remove  it,  add- 
ing sufficient  water  to  replace  that  lost  in  boiling.  Add  100  cc.  of  30%  sulphuric 
acid  (25°  Baiim^)  to  free  the  fatty  acids,  and  boil  until  they  form  a  clear,  trans- 
parent layer.  Wash  with  boiling  water  until  free  from  sulphuric  acid,  collect  in 
a  small  beaker,  and  place  on  the  steam  bath  until  the  water  has  settled  and  the 
fatty  acids  are  clear;  then  decant  them  into  a  dry  beaker,  filter,  using  the  hot- 
water  funnel,  and  dry  twenty  minutes  at  100°  C.  When  dried,  cool  the  fatty  acids 
to  15  or  20°  C.  abQve  the  expected  titer  and  transfer  to  the  titer  tube,  i^ch  ii 
25  mm.  in  diameter  and  100  mm.  in  length  (1  by  4  in.)  and  made  of  glass  about  1 
mm.  in  thickness.  Place  in  a  16-oz.  salt-mouth  bottle  of  clear  glass,  about  70 
mm.  in  diameter  and  150  mm.  high  (2.8  by  6  in.),  fitted  with  a  cork,  which  is  pei^ 
forated  so  as  to  hold  the  tube  rigidly  when  in  position.  Suspend  the  thermometo', 
graduated  to  0.1°  C,  so  that  it  can  be  used  as  a  stirrer,  and  stir  the  mase  slonly 
until  the  mercury  remains  stationary  for  thirty  seconds.  Then  allow  the  thay 
momeler  to  hang  quietly,  with  the  bulb  in  the  center  of  the  mass,  and  observe 
the  rise  of  the  mercury.  The  highest  point  to  which  it  rises  is  recorded  aa  the 
titer  of  the  fatty  acids. 

Te.'t  the  fatty  acids  for  complete  saponification  aa  follows: 

'  U.  S.  Dcpt  of  Agriculture,  Bureau  of  Chemistry  Bulletin  No.  107,  p.  135,  1907. 
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Place  3  cc.  in  a  test-tube  and  add  15  cc.  of  alcohol  (95%  by  volume).  Bring 
the  mixture  to  a  boil  and  add  an  equal  volume  of  ammonium  hydroxide  [0.96  sp.gr.). 
A  clear  solution  should  result,  turbidity  indicating  unBaponified  fat.  The  titer 
must  be  made  at  about  20°  C.  for  all  fats  having  a  titer  above  30°  C.  and  at  10°  C. 
below  the  titer  for  all  other  fats. 

References 


,   Analyse  und  GewioDUDg  der  Oele,  Fette  und  Wachse.     4 


EDIBLE  FATS 

These  include  butter,  lard  and  hardened  oils. 

Butter  is  examined  for  water,  fat,  ash,  curd,  and  salt;  these  are  usually  present 
in  the  following  proportions: 


I               Prr  crnt. 

n.o  T»r  rent 

FM 

Water. 

§Si::;:::;:::;;;::::::: 

78.-90 

5.-20 

0,4-15 

0.1-  5 

82 
12 
5 

1 

These  are  determined  as  follows:  weigh  about  2  grams  of  butter  into  a  plat- 
inum <jooch  crucible  half  filled  with  ignited  fibrous  asbestos,  and  dry  it  at  100°  C. 
to  constant  weight.  The  loss  is  the  amount  of  water.  Dissolve  out  the  fat  by 
repeated  treatment  with  petroleum  ether  and  again  dry  to  constant  weight. 
The  toes  represents  the  amount  of  f3t.  Ignite  the  crucible  with  a  low  flame  or  in 
s  tnufile,  being  careful  not  to  volatilize  the  salt,  until  a  light-gray  ash  is  obtained. 
The  loss  represents  curd  and  the  residue  aih.  By  extraction  of  the  ash  with  water, 
and  neutralisation  with  calcium  carbonate,  the  salt  can  be  titrated  with  silver 
nitrate. 

Sxamtnallon  of  ths  Fat,  Butter  is  adulterated  with  oleomargarine,  ren- 
ovated butter,  and  cocoanut  oil.  The  first  may  be  detected  by  testing  for 
cottonseed  or  sesamfi  oil  either  by  the  color  tests  or  by  the  index  of  refraction ;  this 
at  25°  is  for  butter  1.459-1.462,  for  oleo.  1.465-1.470.  Owing  to  the  fact  that 
butter  contains  a  large  per  cent  of  volatile  fatty  acids  (butyric,  caproic,  caprylic 
and  capric  acids,  in  all  about  8%),  adulterants  may  be  detected  by  determining 
the  amount  of  these.  The  process  usually  employed  is  that  of  Beichert  modified 
by  Meifisl. 

Rve  grams  of  the  clear  fat,  filtered  through  absorbent  cotton,  are  weighed 
into  a  250-cc.  round-bottomed  flask  and  saponified  by  2  cc.  potassium  hydroxide 
I  :  1  andlOcc.of  95%alcohol,  undera  return  flow  condenser  for  twenty-fiveminutes. 
The  alcohol  is  rapidly  evaporated  off  on  the  water  bath  until  no  odor  of  alcohol  is 
perceptible.  Add  slowly  160  cc.  of  recently  boiled  distilled  water  which  has  Ijeen 
coded  to  50°  or  60°;  warm  the  fla.sk  until  a  clear  solution  of  the  soap  is  obtained. 
Cool  to  about  60°  and  add  8  cc.  sulphuric  acid  1  : 4  to  liberate  the  fatty  acids. 
Drop  into  the  flask  two  bits  of  pumice  (about  the  size  of  peas)  which  have  been 
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heated  and  quenched  ia  water,  and  tie  in  a  well-fitting  cork;  wann  the  fladl 
until  the  fatty  acida  have  melted  and  are  floatii^  on  the  hquid.  Cool  to  about 
60°  and  attach  the  flask  to  a  condenser,  using  a  trap  to  prevent  the  sulphuric 
acid  from  being  mechanically  carried  over;  110  cc,  are  distilled  into  a  graduated 
flask  in  as  nearly  thirty  minutes  aa  possible.  Thoroughly  mix  the  distillate,  poor 
through  a  dry  filter,  and  titrate  100  cc.  with  N/IO  NaOH,  using  phenolphthalein 
as  an  indicator.  Multiply  the  cc.  of  alkali  by  1,1  and  calculate  them  to  5  grann 
of  fat.  The  Reichert-Meissl  value  for  butter  ia  from  24  to  34,  the  average  ia  nbovt 
28.8;  cocoanut  oil  gives  6-8  and  other  fats  less  than  1. 

The  procedure  is  a  conventional  one  and  should  be  followed  as  exactly  as 
pOBsible.  Cocoanut  and  other  vegetable  oils  would  be  shown  by  the  fact  t^t 
the  unsaponifiable  matter  would  contain  phytosterol ;  also  by  the  Polenske  number.' 
Renovated  butter  is  best  shown  by  the  "Spoon  or  Foam  Test,"  This  cwh 
sists  in  melting  a  third  of  a  teaspoonful  of  the  sample  in  a  tablespoon  over  a  small 
flame  and  stirring  with  a  match.  Increase  the  heat  until  the  fat  boils  bri^v, 
stirring  thoroughly  several  times.  Oleomat^arine  and  renovated  butter  bul 
noisily,  sputtering  like  a  mixture  of  grease  and  water  and  produce  no  foam. 
Butter  boils  with  less  noise  and  much  foam  sometimes  rising  over  the  sides  of  the 
spoon.    The  pieces  of  curd  in  butter  are  much  smaller  than  in  either  of  the  others. 

Preaervativea.  benzoic,  boric  and  salicylic  acids,  may  be  examined  accordiiiK 
to  the  procedure  given  in  Woodman  and  Norton,  "Air,  Water  and  Pood,"  pp.  154 
and  196. 

Color  may  be  detected  according  to  Allen,  "  Commercial  Organic  .Analysis," 
4th  Ed.,  Vol.  II,  or  Leach's  "  Food  Analysis." 

Lard  is  adulterated  with  water,  25%  being  added  in  some  cases,  with  cott^Ht- 
seed  oil  or  stearine  and  beef  stearine. 

Water  ia  determined  as  with  butter;  eottoiueed  oil  or  stearine  by  the  usu^ 
tests.  It  should  be  borne  in  mind,  however,  that  hogs  fed  on  cottonseed  meal 
yield  a  lard  which  will  give  the  Halphen  test  as  strongly  as  if  it  contained  25%  oJ 
the  til.  The  iodine  number  and  the  presence  of  phytosterol  will  confirm  this 
test;  the  iodine  number  varies  widely  according  to  the  source  of  the  fat,  but  in 
general  it  may  be  said  it  should  be  between  46  and  66. 

Beef  stearine  ia  very  difficult  if  not  impossible  of  detection.  For  this,  reference 
may  be  had  to  Lewkowitech,  5th  Ed.,  Vol.  II. 

HARDENED  OILS 

Aa  the  name  denotes,  these  are  oils  which  have  been  changed  to  more  or 
less  solid  fats  by  the  addition  of  hydrogen,  in  the  presence  of  a  catalyst,  usually 
a  compound  of  nickel.  This  betraj's  their  presence  and  may  be  tested  fiH*  «.< 
follows:' 

Ten  grams  of  the  fat  are  heated  on  the  water  bath'  with  10  cc,  of  hydrochloric 
acid  (sp.  gr.  1.12)  with  frequent  shaking  for  two  or  yiree  hours.  The  fat  is  removed 
by  filtering  through  a  wet  filter,  receiving  the  filtrate  in  a  porcelain  dish;  aftn 
partial  evaporation  of  the  filtrate  2  or  3  cc.  of  strong  nitric  acid  are  added  and 
the  evaporation  continued  to  dryne.^  to  ensure  the  destruction  of  the  organic 
matter.     The  residue  is  dissolved  in  a  few  cc.  of  distilled  water,  a  few  drops  of  a 
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1%  solutioa  of  dimethyl  glyoxime  in  alcohol  added,  and  a  few  drops  of  dilute 
unmonia.  The  preeence  of  nickel  is  shown  by  the  appearance  of  the  red-colored 
nickd  dimethyl  glyoxime.  The  amount  of  nickel  can  be  determined  colon- 
metrically  by  comparison  with  solutions  containing  known  quantities. 

Tbe  quantity  of  nickel  is  very  minute,  not  as  much  as  the  fats  take  up  when 
Dtx^ed  in  nickel  or  nickeled  dishes  and  need  cause  no  apprehension. 

Hydn^enation  destroys  all  the  characteristics,  particularly  the  color  teats, 
by  which  the  difierent  oils  may  be  sometimes  detected. 


WAXES 

llieae,  as  will  be  remembered,  contain  no  glycerine ;  the  tests  applied  to  them  are 
Hie  Baote  as  to  the  oils.  The  characteristics  of  the  more  commonly  occuiring  waxes 
tre  given  in  the  table,  p.  1150;Bperm  oil,  which  is  really  a  liquid  wax,  is  included 
Lmong  the  oils. 


MISCELLANEOUS   OILS  AND  LUBRICANTS 

PaOPERTIfn   OF  S3UE    OF   TH"!    MiNERAI.  O.L-i 


OiL 

^? 

ViKoaity 

d  °c.  F^h;. 

29 
26-27 
26-27 

30  ' 
30-35 

28 
27-30 
23-25 
26-28 

325 
325-360 

455 
340-380 

420 
320-390 

360 

410 

525 
400-575 

100-120 
60-100 
100 
400 
160 
58-156 
203 
190-210 
200-300' 

0-1 

■nwiBfornier 

25 

amndle. 

SST:::::::::::::::::::: 

Bdt  Dreednga  are  (I)  mixtures  of  fats,  waxes,  degras  or  tallow  with  castor 
cr  fatty  oils;  (2)  vulcanized  com  or  cottonseed  oil  thinned  with  naphtha;  (3) 
preparations  containing  wood  tar;  or  (4)  preparations  containing  rosin,  which 
i>  midesirable.  Black  i  ils,  car  cils,  well  <  il  or  reduced  oils  are  crude  oils 
from  which  the  naphthas  and  burning  oils  have  been  separated  by  distillation. 
Oank-ease  <  ils  are  pure  mineral  oils  which  emulsify  but  little  with  water.  Mil- 
Gng-iQachiDe  or  soluble  cils  are  lard,  sulphonated  oils  or  mineral  oils  held  in  sus- 
peasion  in  water  by  soaps  or  alkalies,  as  borax  or  soda;  the  soaps  used  are  either 
■mmooium,  sodium  or  potassium  with  resin,  oleic  or  sulphofatty  acids.  Rosin 
ila  are  obtained  by  distilling  or  "  running  "  rosin,  each  distillate  being  called  a 
"  nm  "  and  numbered  according  to  the  times  it  has  been  distilled.  They  oxidize 
<|ait«  rapidly  and  should  not  be  used  as  lubricants  except  as  soaps  in  lubricating 
petaes.  Screw-cutting  oils  are  often  mixtures  of  27"  B6.  paraffin  and  25% 
btty  oil,  preferably  cottonseed,  although  lard  oil  was  formerly  used.  Stainless 
rib  are  spindle  or  loom  oils  mixed  with  fatty  oils — lard  or  neatsfoot.  Transformer 
ub  ibouki  be  either  pure  mineral  or  rosia  oils  and  aa  free  as  possible  from  water. 
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acid,  alkali  and  sulphur.  Turbine  cib  should  be  of  excellent  quality,  free  fnm 
ftcidaiidt«ndency  to  resinify,  and  low  in  sulphur.  Watch  i  ilia  obtained  from  tbe 
porpoise,  dolphin,  or  blackfish,  where  it  exista  in  cavitiea  in  the  jaw  and  in  the 
brain  or  "  melon  "  of  the  fish.  Lubricating ;  reases  are  mixtures  of  soaps  of  pftlm 
oil,  tallow  or  roain  oil  (with  lime  or  soda  aa  bases)  with  various  oils  or  fata  such  u 
rosin,  tallow  or  mineral  oil.  The  best  are  those  made  from  tallow  by  saponifia- 
tion  with  caustic  soda.  They  may  also  contain  finely  powdered  talc  or  grajdntc. 
Non-fluid  oils  are  oils  or  their  greaaes  stiffened  with  "  oil  pulp  "  or  "dope,"  i.c., 
aluminum  oleate  or  palmitate. 

The  source,  preparation  and  uses  of  the  various  oils  and  greases  are  described 
in  Rogers  and  Aubert's  Industrial' Chemistry,  Chapters  XXII,  XXIV,  XXV 
and  XXVII, 

For  the  guidance  of  the  analyst,  the  characteristics  of  the  more  frequently 
occurring  oila  are  given,  the  usual  figures  being  given  in  italic. 

The  vegetable  oils  may  be  classified  into 

Drying.     Linseed,  (  hinese  wood,  poppyseed,  sunflower  and  menhad^i. 

Semi-drying.     Com,  cottonseed,  sesam4,  rape,  black  mustard  and  horse. 

non-drying.  Castor,  almond,  peanut,  olive,  cocoonut,  palm,  seal,  ood-liver, 
slaine,  lard,  neatafoot,  tallow,  sperm  and  whale. 


Lewkowit«ch,  "Technology  and  Analysis  of  Oils,  Fate  and  Wasea." 
Gill,  "A  Short  Handbook  of  Oil  Analysis."  9th  edition. 
Battle,  "Industrial  OH  Engineering." 
Lockhart,  "American  Lubricanta." 
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CHARACTERISTICS  OF  THE  FATTY  ACIDS  FROM  SOME  Olia 


Oil, 

Refr.  lod.  at 

■ao'C. 

M.pl.    -C. 

'  °C.' 

Prr  wnl. 

Almond 

1.4481 

13-14 

9-11.8 

93,5-96.5 

Cwtor 

1.4546 

13 

3 

86-88 

- 

40-43.8 

31.2 

Co«>»nut 

1.4295 

24-27 

15-20 

8  4-9 

Codliver.  Medicinal 

- 

- 

17-18  (titer) 

164-171 

- 

18-21  a 

14-16 

1,446 

34-W 

32-36 

Hatoe 

■ 

37.5-39.5 

33,6-37,7 

Lud 

35 

1.4546 

17-24 

13-17 

Nofigureaav 

aiUble. 

I.4665at20° 

fl-17 

6-8 

- 

28.5-29.8 

16-26,5 

(Uter) 

(Hire 

1.4410 

19-31 

17-24.6 

Pihn 

- 

47.7-50 

36-46 

U 

53.3 

1.4461 

27-35 

22-32,5 

1.4506 

20-21 

16,5 

1.4491 

16-22 

16-18 

- 

14-33 

13-17 

R°nni^ 

1.4461 

23-32 

18-26 

Rperm                      

~ 

13-21 

16 

83-99 

1.4531 

17-24 

17-18 

Tallinr 

- 

14-27 

23-24 
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MoLTiPLTiNa  Factorb  to  Reddcb  Satbolt  Times  t 

0  Enoleb  Nhuberb  oh  to 

Redwood  Timeb' 

BarboltTimoi 

Number. 

til  Redwood 
Tima. 

^&^di™ 

'SS' 

Factor  Say- 

28 

0.0357 

0.95 

75 

0.0289 

0.86 

30 

.0352 

.95 

80 

.0286 

.86 

32 

.0346 

.94 

85 

.0284 

.86 

34 

.0342 

.94 

90 

.0282 

.85 

36 

.0337 

.94 

95 

0280 

.86 

38 

.0334 

.93 

100     , 

.0279 

.86 

40 

.0330 

.93 

110 

.0276 

.86 

42 

.0327 

.92 

120 

.0274 

.84 

44 

.0323 

.92 

130 

.0272 

.84 

46 

.0320 

.91 

140 

.0271 

.84 

4g 

,0317 

.91 

160 

.0269 

.84 

50 

.0314 

.90 

180 

.0268 

.84 

55 

.0308 

.90 

200 

.0267 

.84 

60 

.0302 

.SB 

65 

.0297 

.88 

isoo 

0:6267 

6;84 

70 

0,0293 

0.87 

n^EDg 

er  number  is  the 

quotient  o 

Engler  Time  divided  by  the  water  value 

of  tbe  inBtriuaeiit  ftt  20°  C.  in  Becoada. 

Reagents 

The  reagents  used  in  oil  analysis  are  few  and  easily  obtained.  A  list  and 
their  method  of  preparation  is  here  given. 

Aixtie  Aei4,  Gladal,  Baker  and  Adamson's  C.  P.,  09.5%  pure.  The  determination 
of  ils  Btren^h  should  be  made  by  titration  and  not  by  specific  gravity,  as  the  98% 
mA  80%  acid  have  the  same  specific  gravity,  1.067.  The  determinatJon  of  the  meltinf;- 
point  gives  results  equally  good  with  those  obtained  by  titration  and  requires  less  time,* 
It  is  made  after  the  manner  of  the  "titer  test"  (p.  598),  the  tube  being  half  filled,  ehilled 
lo  10  to  11"  C,  and  further  chilled  b^  placing  the  outside  bottle  in  ice-water;  the 
t«inperature  of  the  super-cooled  acid  nsea  to  its  melting-point,  where  it  remains  sta- 
tioDArv  for  some  time.    The  melting-points  of  adds  of  various  strengths  are  as  follows: 

100%^  16.76°  C;  99.5%,  15.65°;  99%,  14.8°. 

Filr  Hanus's  solution  it  must  not  reduce  potassium  bichromate  and  sulphuric  acid. 

Ar^ie  Anhydride.     Baker  and  Adamson's  C.  P. 

Alti^ui.  Comjnercial  "Cologne  Spirits."  For  the  preparation  of  alcohol  free 
From  aldehyde  for  alcoholic  potash,  cologne  spirits  are  treated  with  silver  oxide  as 
((Jlows:  1]  grams  of  silver  nitrate  are  dissolved  in  3  cc..  of  water,  added  to  I  liter  of 
■Irahd  and  thoroughly  shaken;  3  grams  of  potaaaium  hydrate  are  dissolved  in  15  cc. 
*KTD  alcohol  and,  after  cooling,  added  lo  the  alcoholic  silver  nitrate  and  thoroughly 
■halceii  ajpin^  best  in  a  tall  bottle  or  cylinder.  The  silver  oxide  is  allowed  to  settle,  the 
dear  liquid  siphoned  off  and  distilled,  a  few  bits  of  pumice,  prepared  by  igniting  it  and 
inuiwdiateiy  quenching  under  water,  being  added  to  prevent  bumping.  Alcohol  for 
lae  in  the  free  acid  determination  is  prepared  by  placing  10  to  15  grams  of  dry  sodium 
arixmate  in  the  reagent  bottle,  taking  care  to  lill«r  it  before  use. 

Alcohol,  Amul.    Baker  and  Adamson's  C.  P. 

Bnaiat,  The  commercial  article:  also  a  N/3  solution,  made  by  dissolving  26.6 
pun  bromine  in  1  liter  carbon  tetrachloride. 
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Calcium  Chloride.    The  dry  &Dd  also  tbe  dTstollued  wit. 

Caieiwn  SidphaU.    Plaster  of  Paris. 

Carbon  Tetraehloridt.    Baker  and  Adamson'a  C.  P.  or  Kahlbaum'a 
kohlenstoS." 

CUon^orm.     Squibb'a,  U.  S.  P. 

" r.    Copper  turr "~ 

r  Wire.     Cut  i: 

Ether.    Squibb's,  U.  S/P. 

OatoUne.    Gasoline,  86°  Baum£. 

HydjwJdoric  Add,  C.  P.— Specific  gravity  1.2.  For  N/2  HO  dilute  39  cc.  of  the 
above  acid  to  1  liter  and  atondardiie. 

Iodine  Solution.  Fifty  grams  of  iodine  to  1  liter  of  alcohol.  For  Raniu's  solutioa 
dissolve  by  warming  13.2  grama  iodine  in  1  liter  glacial  acetic  acid;  cool  and  add  3  cc 
of  bromine. 

Laad  AeelaU.    One  hundred  erama  of  the  salt  to  1  liter. 

Lacmoid.     Three  Erama  per  uter  of  dilute  alcohol. 

Laemoid  Paper.    Unsiced  paper  dipped  in  above  Bolutioa. 

Liimut  Pap'r- 

Mercuric  Chioride.    Sixty  grams  of  the  salt  to  1  liter  of  alcohol. 

Nilrio  Aeid.    Specific  gravity  1.34. 

Pheruiphihalein.    One  gram  of  the  substance  to  500  cc.  of  aJoohol. 


Potatiium  Hydrate.  N/2:  Dissolve  30  grams  of  "  potash  by  alcohol  "  in  1  hter  of 
alcohol.  N/6:  Dissolve  10  grams  of  "  potash  by  sJcohol "  in  1  liter  of  watw  and 
dilute  to  proper  strength.  The  solution  should  be  protected  by  "  stick  potash  "  from 
the  carbon  dioxide  in  the  air.  Ten  per  cent.:  Dissolve  100  gramj  of  "  stick  pobuh  " 
in  1100  cc.  of  alcohol. 

Potaaaium  Jodale.     A  2%  solution. 

/'otoMtum  Iodide.  One  hundred  grams  of  the  commercial  salt  are  dissolved  in  1 
liter  of  ymttx.  This  should  be  free  from  iodate,  shown  by  yielding  no  coloration  when 
acidified  with  strongHCl. 

Seller  Nilrale.    Thirty  grams  to  1  liter+0.4  cc.  HNO.. 

Sodium. 

Sodium  Chloride.    Ordinary  "  coarse  fine  "  salt  for  freesing  misturea. 

Sodium  HydraU.     36°  Baumd.     Dissolve  300  grams  of  caustic  soda  in  1  liter  of  water. 

Sodium  Nitrvpruteide.     The  commercial  salt. 

Sodium  Thioauiphate.  N/10:  Dissolve  26  grams  of  "sodium  hyposulphite"  in 
1  liter  of  water. 

Starch  Siriution,  Hub  up  in  a  mortar  1  gram  of  potato  starch,  with  10  to  15  cc  of 
water,  pour  this  into  200  cc.  of  water  which  is  boiling  actively,  and  continue  the 
boiling  for  a  few  minutes. 

Suaar.     Ordinarily  granulated  sugar. 

Sidpkw.     A  1.5%  solution  in  caroon  bisulphide. 

Sulphuric  Acid.  C.  P.     This  should  be  at  least  90.5%  pure,  and  its  strength  be 
determined  by  titration,  as  100%  and  94.3%  acid  have  tbe  same  specific  gravity. 
Dilute.     One  part  acid  to  ten  parts  water,, 

NitrOKulphuric  Acid,  for  the  Elaidia  Test.  A  liier  of  sulphuric  acid  of  46°  Baam! 
(1.47  specific  gravity)  is  prepared  by  diluting  560  cc.  commercial  sulphuric  acid  Id 
1  liter;  a  few  drops  of  nitric  acid  are  added  and  nitric  oxide  (generated  from  copier 
and  nitric  acid)  passed  in  until  it  is  saturated.  The  acid  ia  then  cooled  in  ice-wUCT 
and  the  gas  passed  in  until  it  is  saturated  at  0°  C.  -  This  is  called  Roth's  liquid. 

The  author  wishes  to  aclcnowlec^  tiia  indebtedness  to  Mr.  Thomas  T.  Gray 
for  bis  careful  review  of  this  chapter.  Mr.  Gray's  broad  experience  in  petroleum 
products  as  Chief  Chemist  of  Tidewater  Oil  Company,  makes  his  critidBm  and 
euggestJouB  of  special  value. 

1  Richmond,  J.  Soc.  Chem.  Ind.,  0,  479, 1890. 


ANALYSIS  OF  COMMERCIAL  SOAPS  AND 
SOAP  PRODUCTS 

Archibald  Campbell' 

The  following  methods  of  aoalyais  for  Commercial  Soaps  and  Soap  Products 
ire  the  Standard  Methods  adopted  by  the  Committee  on  Analysis  and  Speci- 
fications of  Commercial  Soap  and  Soap  Products  of  the  Aijierican  Chemical 
Society. 

The  roethoda  are  intended  to  cover  commercial  soaps,  washing  powders, 
cleansers  and  Uquid  soaps,  but  the  methods  were  not  intended  to  cover  highly 
ipecialized  soaps  or  toilet  preparations,  which  are  designed  for  some  particular 
UK  sod  would  require  special  methods  of  analysis  depending  on  these  special 
Features. 

Id  the  case  of  Unsaponifiable  Matter,  two  methods  are  given  as  it  was  felt 
that  in  the  case  of  soaps  that  contained  considerable  quantities  of  Lanolin, 
Tung  Oil,  or  tow-grade  Rosins,  the  gasolene  extraction  method  might  show  low 
Rsults.  In  regular  practice,  however,  the  gasolene  method  is  generally  pre- 
ferred. 

Id  the  Determination  of  Rosin,  two  methods  are  given.  The  Twitchell 
cod  Wolff  Methods.  Both  appear  to  be  equally  accurate  but  the  Wolff  method 
19  much  quicker  and  easier  to  manipulate,  hence  should  be  given  preference 
"hwe  time  is  an  important  factor. 

In  the  Determination  of  Total  Fatty  Acids,  the  final  drying  should  be  done 
in  an  atmosphere  of  some  inert  gas  where  the  soap  contains  appreciable  quanti- 
ties of  drying  fats  or  oils. 

STANDARD    METHODS    FOR    THE    SAMPLING    AND   ANAU 
YSIS  OF  COMMERCIAL  SOAPS  AND   SOAP   PRODUCTS 

Sampling 

Take  samples  from  at  least  3  per  cent  of  the  containers,  taking  one  bar,  or 
PKkage,  or  in  bulk  goods,  at  least  one-half  pound,  or  one-half  pint  in  case  of 
''quid  soap,  from  each  container.  In  quantities  of  less  than  100  containers, 
t^lu  at  least  three  samples.  Wrap  bar  samples  tightly  in  paraffined  paper  at 
once,  and  seal  by  rubbing  edges  with  a  heated  iron.  If  possible,  place  the 
■fapped  bar  in  aa  airtight  container,  in  which  it  should  fit  very  closely.  Chip 
"cap  and  powders  are  to  be  sealed  air  tight  in  completely  filled  containers. 
Wuid  soap  is  to  be  placed  in  clean,  dry  bottles  or  cans  which  should  be  com- 
I^etely  filled  and  securely  stoppered  with  new  corks.  All  samples  should  be 
•*?!  cool  until  tested.  In  drawing  sample  of  bar,  cake,  or  package  goods, 
^  gross  weight  of  final  sample  to  be  sent  to  any  one  laboratory  shall  be 
i^corded  at  the  time  of  taking  and  sealing. 

'QiBirroan  of  Committee  on  methods  of  Analysia  and  Specifications  on  CommerciHl 
™^ai)d  Soap  Products  of  the  American  Chemical  Society,  Vice  President,  The 
™oe  Soap  Company. 
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Preparation  of  Sample 

Bar  Soap.  Run  complete  separate  analyses  od  25  per  cent  of  the  iodividud 
bars  taken  and  in  no  cose  run  leee  than  two  analyses.  The  average  of  these 
analyses  ia  to  be  taken  as  that  of  the  lot.  For  these  analyses,  quarter  the  bar 
by  cutting  at  right  angles  in  the  center  and  shave  equally  from  all  freshly  cut 
surfaces  sufficient  soap  for  the  analyses.  In  case  of  soaps  that  can  be  easily 
powdered,  the  entire  sample  may  be  run  through  a  suitable  food  chopper. 

Liquid  Soap.  No  preparation  of  the  sample,  other  than  thorough  mixing. 
is  necessary  unless  it  is  received  during  very  cold  weather,  when  it  should  he 
allowed  to  stand, at  least  1  hour  after  it  has  warmed  up  to  room  temperature 
(20°  to  30?  C.)  before  it  is  noted  whether  it  forms  a  satisfactory  lather. 

Powdered  and  Chip  Soaps.  Rapidly  disintegrate  and  mix  the  sam^de  and 
weigh  out  all  the  portions  for  the  analyses. 

Unused  portions  of  the  original  sample  shall  be  preserved  in  sealed  airtight 
containers  in  a  cool  place. 

Analysis 

Combined  Alkali,  Keutral  Soap,  Pattr  Anhydride.  Dissolve  10  g.  of  sosp 
in  about  100  cc.  of  water  in  a  weighed  400  cc.  Erienmcycr  floak.  When  solu- 
tion is  complete,  add  dilute  sulfuric  acid  in  slight  excess,  insert  a  small  funnd 
in  the  neck  of  the  flask,  and  heat  the  flask  on  a  steam  bath  until  the  fatty  acids 
float  on  top  in  a  clear,  oily  layer.  Avoid  a.  higher  temperature  than  80°  C. 
Allow  to  cool.  For  the  extraction  of  the  fatty  acids,  redistilled  gasoUne  of' 
boiling  point  below  63°  C.  should  be  used.  Pour  the  contents  of  the  flask,  both 
fatty  acids  and  acid  water,  into  a  300  cc.  Squibb's  separatory  funnel,  washiDg 
out  any  adhering  fat  from  the  flo.'tk  with  gusoline,  and  make  the  first  separation, 
saving  the  acid  water  for  further  extractions,  using  50  to  75  cc.  gasoline. 
Wash  the  gasoline  solution  in  the  separatory  funnel  two  or  three  times  with 
small  amounts  of  distilled  water  (15  to  25  cc.)  avoiding  too  violent  agitation 
to  prevent  emulsifying.  The  hist  washing  should  be  free  from  sulfates.  DraiF 
olT  the  wash  water  and  emulsion  down  to  the  gasoline  layer  into  the  acid  liquor. 
Filter  the  gasoline  solution  through  a  filter  wet  with  gasoline  into  a  500  cc. 
beaker  flask,  care  being  taken  to  introduce  no  water  into  the  filtering  funnel. 
The  filter  should  be  three-fourth  to  1  inch  below  the  rim  of  the  funnel  when 
in  place.  Now  extract  the  acid  water  using  50  cc.  gasoline  for  the  first  ext^a^ 
tion.  Wash  as  before  and  filter  the  gasoline  into  the  flask.  For  the  two  suc- 
ceeding extractions  of  the  acid  water  smaller  quantities  of  gasoline  suffice, 
but  at  least  25  cc.  should  be  used.  Wash  the  filter  free  from  fatty  acids.  This 
is  best  done  by  allowing  to  drain  well,  then  tucking  in  the  upper  edges  of  the 
filter  and  washing  with  a  spray  from  a  wash  bottle.  Save  the  acid  water  for 
chloride  determination. 

Add  100  cc.  freshly  boiled  neutral  95  per  cent  alcohol  to  the  solution  in  the 
flask  and  titrate  with  standard  sodium  hydroxide  to  exact  neutrality,  using 
phenol phthalein  as  indicator.  Transfer  without  filtering  to  a  tared  150  to 
200  cc.  Soxhlet  flask  on  the  steam  bath.  Evaporate  the  gasoline  and  the 
alcohol  lis  much  ns  possible.  A  small  stirring  rod  should  be  tared  with  the 
Soxhlet  flofik  to  be  used  for  breaking  up  the  soap  to  insure  complete  dryin|. 
Dry  to  constant  weight  in  the  oven  at  not  over  105°  C.     Weigh  as  soda  soap. 
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This  fatty  matter  naturally  iDctudes  any  mineral  oil,  neutral  fat,  and  rosin 
adds,  which,  if  determined  separately,  must  be  deducted  from  the  result  to 
obtain  the  true  fatty  soap.  Calculate  the  combined  sodium  oxide  (NajO) 
tad  deduct  from  weight  of  aoda  soap,  giving  the  fatty  anhydride.  If  original 
sosp  w(us  potash  soap,  proper  calculation  must  be  made  to  reduce  to  potassium 
mie  (KiO).  In  case  the  soap  shows  an  excess  of  free  fatty  acid,  proper  cor- 
r^lions  must  be  made  in  calculating  the  combined  alkali  in  the  original  soap. 

Note.  A  bliuik  t«8t  should  be  made  on  the  sodium  hydroxide  solution  for  neutral 
ialUand  the  proper  Forreclions  made  if  necessary. 

Chairman's  Note.  In  view  of  some  recent  t-ooperative  work  bv  the  Total  Fatty 
Add  Committee  of  the  Society  of  Cotton  Products  Analysts,  it  will  be  well  to  check 
(he  dryins  of  the  soap  in  a  vacuum  oven  or  in  an  atmosphere  of  inert  gas,  especially 
where  a  drying  oil  is  present  in  quantity  in  the  soap. 

Free  Caustic  or  Acid,  Free  Carbonate,  Silicate,  Water, 
Insoluble  Matter,  Borax,  Phosphate,  Starch,  Etc. 

Digest  hot  a  10-g.  sample  of  soap  with  200  cc.  high  proof  {94  per  cent  or 
Isjlher)  ethyl  alcohol,  freshly  boiled  and  neutral  to  phenolphthalein,  in  2dO  cc. 
leaker.  Filter  with  suction  through  a  neutralized  counterpoised  filter  paper 
Md  protect  the  solution  during  the  operation  from  carbon  dioxide  and  other 
3d(i  fumes.  Wash  the  residue  on  the  filter  with  hot  neutral  ethyl  alcohol 
"ntil  free  from  soap.  Titrate  filtrate,  using  phenolphthalein  as  an  indicator, 
and  calculate  the  alkalinity  to  sodium  hydroxide  or  potassium  hydroxide,  and 
"cidity  to  oleic  acid.    Dry  the  filter  papers  and  weigh  as  alcohol-insoluble. 

e  present,  remove  water-soluble  in  warm  water  without  healing 

!  slarcn'  as  follows: 

Stir  a  convenient  quantity  of  the  sample  (representing  from  2.5  to  3  g.  of 
'he  dry  material)  in  a  beaker  with  50  cc.  of  water  for  an  hour.  Transfer  to  a 
filter  and  wash  with  250  cc.  of  water.  Heat  the  insoluble  residue  for  two  and 
•^le-half  hours  with  200  cc.  of  water  and  20  cc.  of  hydrocliloric  acid  (sp.gr. 
'■12a)  in  a  flask  provided  with  a  reflux  conden.scr.  Cool,  and  nearly  neutralize 
^th  sodium  hydroxide.  Complete  the  volume  to  250  cc,  filter,  and  deter- 
n^ine  the  dextrose  by  the  gravimetric  method  for  determination  of  dextrose 
given  under  method  of  determining  sugar  in  soap.  The  weight  of  dextrose 
'>btaiued  multiplied  by  0.90  gives  the  weight  of  starch.  If  sugar  is  also  present, 
&  correction  must  be  made  for  the  starch  found.  Refer  to  method  of  dcter- 
tnining  sugar  in  soap. 
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Analysis  of  Alcohol-Insoluble  | 

Water-IiuolublB.  Take  up  with  hot  wat»,  filter,  wash  with  hot  water,  diy 
and  weigh  reeidue  as  water-inaoluble.  (Make  qualitative  test  on  residue  to 
determine  its  nature.) 

Water-Soluble.  Dilute  filtrate  Tram  watn-insoluUe  to  2^  cc.  In  aliquot 
parts  of  this  solution  determine: 

1.  Total  alkalinity  by  titration  with  methyl  orange  as  indicator. 

2.  Borax  by  using  the  solution  from  1.  Boil  under  a  refiux  condenser 
several  minutes  to  remove  carbon  dioxide.  Wash  out  the  condenser  with 
wttter.  Render  the  boiled  solution  exactly  neutral  to  methyl  orange.  Cool 
and  add  20  cc.  glycerin.  Titrate  with  Nj2  sodium  hydroxide,  using  phenol- 
phthalein  as  an  indicator,  until  the  end-point  is  reached.  Add  10  cc.  more  of 
glycerin  and  note  if  the  red  coloration  disappears.  If  it  does  not  disappear, 
as  is  usually  the  case,  sodium  hydroxide  is  added  until  the  red  color  reappears. 
Another  10  cc.  of  glycerin  is  added,  and  the  process  repeated  until  a  sharp  color 
change  takes  place  which  does  not  disappear  on  the  addition  of  more  ^yeeriu. 
Figure  as  boric  oxide  or  borax  as  required. 

3.  Carbon  dioxide  by  absorption  method. 

4.  Silica  (Sid)  by  any  suitable  method. 

5.  Phosphates  by  any  suitable  method. 

Moisture  and  Volatile  Matter 

Weigh  out  10  g.  of  the  sample.  Dry  to  constant  weight  in  oven  at  a  tem- 
perature not  exceeding  105°  C.  Report  loss  in  weight  as  moisture  and  volatile 
matter. 


Chloride 

The  acid  water  from  which  the  fatty  acids  have  been  separated  is  carefuUj 
saved  and  neutralized  with  chlorine-free  alkali.  The  chloride  is  titrated  with 
standard  silver  nitrate  solution,  using  potassium  chromate  as  indicator  and 
the  results  calculated  to  sodium  chloride  or  potassium  chloride  as  the  character 
of  the  soap  indicates. 
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Unsaponified  and  Unsaponifiable 


tAyl  Ether  Method.  Weigh  5  g.  of  the  soap  into  a  beaker  and  dissolve 
in  about  100  cc.  of  50  per  cent  alcohol  on  the  ateam  bath.  If  the  sample  has 
bren  found  to  contain  free  fatty  acid,  add  just  enoilgh  aqueous  alkah  to  neutral- 
iie  tliis.  Evaporate  off  the  bulk  of  the  alcohol,  take  up  with  about  200  cc.  of 
hot  water  and  transfer  to  a  sepfiratury  funnel  of  about  500  cc.  capacity,  desig- 
nated as  No.  I.  When  cool,  rioae  out  the  beaker  with  about  50  cc.  of  ether 
and  add  it  to  the  soap  solution.  Shake  tiioroughly  for  one  minute.  By  the 
addition  of  small  amounts  of  alcohol  (5  cc.  portions  and  the  total  not  to  exceed 
25  cc.),  a  clear  and  rapid  i<eparatinn  of  the  aqueous  and  ether  layers  is  effected. 
Aft«r  adding  each  alcohol  portion,  the  aeparatory  funnel  is  not  shaken  but 
merdy  given  a  whirling  movement.  The  aqueous  portion  is  drawn  off  into 
another  separatory  funnel,  designated  as  No.  2.  The  ether  solution  is  washed 
nth  10  cc.  portions  of  water  until  this  water  is  no  longer  alkaline  to  phenol- 
phthalein.  All  these  washings  arc  added  to  funnel  No.  2  and  this  solution  is 
EJtracted  with  20  cc.  portion-s  of  ether  ufltil  the  ether  is  absolutely  colorless 
(3  or  4  extractions  should  be  sufhcient).  These  ether  extracts  are  combined 
in  a  third  .separatory  funnel  (No.  3)  and  washed  with  10  cc.  portions  of  water 
until  the  water  is  no  longer  alkaline  to  phenol phthalein.  The  ether  in  Funnel 
^'o.  3  i^  now  added  to  that  in  Funnel  No.  1,  a  small  amount  of  ether  being 
used  to  rinse  out  Funnel  No.  3.  The  ether  solution  is  now  washed  with  20  cc. 
of  10  per  cent  hydrochloric  acid  solution  and  then  successively  with  20  cc. 
portions  of  water  until  the  water  is  no  longer  acid  to  methyl  orange.  The  ether 
wlution  is  then  filtered  through  a  dry  filter  paper  into  a  weighed  beaker  or 
flask.  The  ether  is  evaporated  or  distilled  off  on  the  steam  bath  and  the 
cegdue  is  heated  with  alcohol  and,  when  cool,  it  is  neutralized  with  standard 
aibli,  using  phenol phthalein.  Any  appreciable  amount  of  fatty  acid  found  is 
deducted  from  the  weight  of  the  residue.  This  residue  consists  of  the  unsaponi- 
fiable and  any  neutral  fat  that  may  have  been  present  in  the  soap,  in  which 
rase,  saponification  of  the  residue  is  nec&ssary  and  a  second  residue  is  obtained 
*hich  will  represent  the  unsaponifiable  matter  only.  The  difference  between 
the  weights  of  the  two  residues  is,  of  course,  the  neutral  fat, 

Gasaliofl  Hetbod.  Dissolve  5  g.  of  soap  in  20  cc.  70  per  cent  ethyl  alcohol, 
transfer  to  a  Squibb's  separatory  funnel,  using  20  cc,  30  per  cent  ethyl  alcohol 
'o  wash  out  the  first  vessel  used.  Cool  to  room  temperature  and  extract  with 
■i  portions  of  50  cc.  gasoline  (boiling  point  below  65°  C),  in  same  manner  as 
under  fatty  anhydride.  Wa.sh  the  gasoline  extracts  with  three  portions  of 
-'i  cc,  each  of  10  per  cent  alcohol.  Transfer  the  gasoline  solution  to  a  weighed 
'•'alter,  evaporate  on  the  steam  bath  under  a  current  of  air,  dry  in  oven  at 
'fS'  C.  to  constant  weight. 

Note.    Teat  unsaponiliable  for  soap. 
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Note.  The  WolfF  method  is  much  more  convenient  and  npid  th&n  the  Twilchdl. 
"Hie  committee  requests  cooperative  work  to  compare  the  accuracy  of  Uieae  methodi 
before  making  a  choice. 

Twitchell's  Method.     Weigh  out  accurately  into  a  dry  filter  flask  from  3  to 

5  g.  of  the  filtered  and  dried  fatty  acids  prepared  from  soap.  Dissolve  this 
sample  in  ten  times  its  volume  of  absolute  alcohol,  place  the  Sask  in  ice  vtler 
and  pass  a  current  of  dry  hydrochloric  acid  gas  through  the  solution  until  then 
is  no  further  absorption  of  gas.  Cork  tightly  and  let  stand  for  tvo  hourE, 
shaking  occasionally.  During  this  time,  the  eaters  of  the  fatty  acida  and  the 
rosin  acids  will  separate  as  oily  drops  on  the  surface  of  the  liquid.  Add  about 
400-500  cc.  of  water  and  a  small  piece  of  granulated  zinc  to  prevent  bumpng 
and  boil  until  the  solution  is  clear.  Transfer  to  a  separatory  funnel  and  make 
repeated  extractions  with  other  as  in  the  determination  of  fatty  acids.  The 
ether  extract  i.s  washed  repeatedly  with  distilled  water  until  washings  are 
neutral  to  methyl  orange.  About  an  equal  volume  of  freshly  boiled  alcohol, 
neutral  to  phenolphthaleiu,  is  then  added  to  the  ether  extract  and  the  whole 
is  titrated  with  standard  sodium  hydroxide  solution,  phenolphthaleiu  being 
used  OS  an  indicator.  Each  cubic  centimeter  of  N  sodium  hydroxide  solution 
corresponds  to  0.346  g.  of  rosin  in  the  sample  of  fatty  acid  weighed  out.  Check 
by  evaporation  to  dryness  and  weigh  as  rosin  soap.  Calculate  percentages  on 
original  sample. 

WoUTs  Method  (C.  A.,  8  (1914),  2495).  Dissolve  3  g.  of  the  dried  fatty 
acids  as  above  in  20  cc.  of  absolute  alcohol.  Then  add  10  cc.  of  a  solution  of 
one  volume  of  concentrated  sulfuric  acid  (sp.gr.  1.84)  and  four  volumes  of 
absolute  alcohol,  and  boil  for  4  min.  under  a  reflux  condenser.  Add  to  the 
liquid  about  five  times  its  volume  of  7  to  10  per  cent  of  sodium  chloride  solu- 
tion and  extract  with  ether.  Shake  out  the  aqueous  portion  two  or  three 
times  with  ether.  Unite  the  ether  solutions  and  wash  with  sodium  chloride 
solution  until  the  washings  are  neutral.  Add  30  oc.  neutral  alcohol.  Titrate 
the  rosin  acids  with  standard  sodium  hydroxide  solution  (t  cc.  normal  alkali 
=  0.340  g.  rosin).    Calculate  percentage  of  rosin  in  original  sample. 

'  In  a  test  tube  to  5  cc.  of  the  ether  extract  obtained  as  stated  above,  an  added 
10  cc.  of  acetic  anhydride,  the  ether  is  expelled  by  gently  warming  (avmd  flame)  and 
1-3  cc.  of  the  residual  anhydride  is  tested  for  rosin  by  bringing  in  contact  with  it  a  drop 
of  strong  sulphuric  acid;  a  fugative  violet  color  at  the  junction  of  the  acids  jj-j;~-— 
rosin.    The  test  may  be  made  on  a  white  porcelain  surface. 
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Sugar 

Reagents,  (a)  Copper  sulfate  solvlion.  34.639  g.  of  crystallized  copper 
sulfate  are  dissolved  in  water  and  made  up  to  500  cc.  (b)  Alkaline  tarlrale  solu- 
tion. Dissolve  173  g.  of  Rochelle  salts  and  125  g.  of  potassium  hydroxide  in 
water  and  dilute  to  500  cc. 

Place  10  g.  of  soap  in  a  500  cc.  Erienmeyer  flask  and  dissolve  in  100  cc.  of 
distilled  water.  Cool  the  solution  down  to  68"  C.  Add  11  cc.  concentrated 
hydrochloric  acid  and  maintain  at  this  temperature  for  15  min.  By  this  treat- 
ment the  KUgar  in  the  soap  should  have  been  completely  inverted,  the  soap 
being  decomposed,  and  the  free  fatty  acids  floating  on  top.  Cool  until  the 
free  fatty  acids  are  completely  solidified.  Filter  and  wash  into  a  250  cc. 
graduated  flask.  Before  flask  is  filled  neutralize  the  solution  with  a  strong 
caustic  solution,  using  methyl  orange  bb  indicator.  '  Bring  to  room  temperature 
and  make  up  to  volume.  The  sugar  is  determined  in  an  aliquot  part  of  this 
rolution,  Allihn's  method'  being  used  as  follows: 

Race  30  cc,  of  the  copper  sulfate  solution,  30  cc.  of  the  alkaline  tartrate 
solution,  and  60  cc.  of  water  in  a  beaker  and  heat  to  boiling.  Add  25  cc.  of 
the  invert  sugar  solution  which  must  be  so  prepared  as  not  to  contain  more 
than  0.250  g.  of  dextrose,  and  boil  for  2  min.  Filter  at  once,  without  diluting, 
through  a  Gooch  crucible  which  has  been  previously  prepared  and  weighed. 
Wash  with  hot  water  and  dry  to  constant  weight  at  105°  C.  By  referring  to 
Allibo's  table  for  the  determination  of  dextrose,'  the  corresponding  amount  of 
dextrose  can  be  obtained.  This,  multiplied  by  0.95  and  divided  by  10,  gives 
the  percentage  by  weight  of  the  sugar  in  soap. 

a  present,  it  must  be  determined  upon  alcohoMnsoluble,  and 

The  acid  liquor  from  the  fatty  acids  determination  is  neutralized  with 
banum  carbonate  and  the  whole  evaporated  over  a  steam  bath  to  near  dryness. 
The  maxs  of  barium  sulfate  and  carbonate  containing  glycerin  is-now  extracted 
with  a  mixture  of  absolute  ethyl  alcohol  and  ether  (one  part  ether  to  three 
parts  of  ethyl  alcohol  by  volume).  The  alcohol-ether  solution  is  filtered 
directly  into  an  acetylization  flask.  The  extractions  should  be  made  by  the 
use  of  numerous  small  portions  of  the  solvent.  Care  should  be  taken  to  see 
that  lil  lumps  are  broken,  and  the  whole  mass  and  filter  well  washed  bcf ure  the 
acetylization  flask  becomes  filled.  (Note:  If  fla^^k  will  not  bold  filtrate,  evap- 
orate in  a  large  flask.  Boil  up  the  concentrate  with  water,  transfer  to  acctyliza- 
tioD  flask,  and  evaporate  down.)  The  flask  is  now  put  on  the  steam  bath  with  a 
current  of  air  blowing  on  the  liquid  and  so  evaporated  until  all  the  alcohol  and 
ether  is  driven  off.  Care  must  be  taken  that  all  alcohol  is  completely  removed, 
>Uo  that  the  evaporation  is  not  continued  unnecessarily  long,  as  glycerin  is 
more  or  less  volatile  under  these  conditions.  To  this  is  added  7.5  cc.  of  acetic 
Bahydride  and  3  g.  anhydrous  sodium  acetate  and  the  mixture  boiled  for  1  hr. 
UDder  a  reflux  condenser.     After  cooling  to  below  the  boiling  point  of  water, 

'  Bureau  of  Cbemittry,  Bulletin  107,  pp.  49-53. 

'  Ibid.,  p.  SO.  Also  in  the  "Handbook  of  Sugar  Analysis,"  C.  A.  Browne,  lfil2  £d., 
Appendix,  p.  30. 
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50  cc.  of  water  at  about  80°  C.  are  added  through  the  condeoeer  and  the  taaaa 
in  the  flask  completely  dissolved.  The  solution  is  next  filtered  into  a  flask  of 
about  1000  cc.  capacity,  the  filter  carefully  washed  with  carboa  dioxide^m 
water,  and  the  solution  cooled  to  room  temperature. 

Phenol phtholeln  is  added  and  the  free  acetic  acid  neutralised  with  N  sodium 
hydroxide  solution  free  from  carbonates.  Care  must  be  taken  that  no  portion 
of  the  solution  becomes  at  any  time  strongly  alkaline  or  that  the  end-point  u 
passed,  as  either  will  cause  the  saponification  of  the  tri-acetin  formed,  causing 
low  results.  5  cc.  of  iV  sodium  hydroxide  free  from  carbonates  are  added 
The  solution  is  boiled  for  one-fourth  hour,  cooled  quickly,  and  the  excess  U 
alkah  titrated  with  N  acid.  A  blank  on  the  reagents  is  run  under  identical 
conditions.  From  the  difference  between  the  two  titrations,  the  alkali  lequiied 
to  saponify  the  tri-acetin  is  determined.'  (1  cc.  A'  sodium  bydroxjde=0.03069 
g.  glycerol.) 

Precautions.  Tri-acetin  is  volatile  with  water  vapor.  Avoid  boiling  of 
solution  of  tri-acetin.  Solutions  should  be  free  from  carbonates  as  they  intro- 
duce serious  errors  with  phenol phthalein.  Great  care  must  be  token  io 
approactuDg  the  end-point  when  neutralizing  the  free  acetic  acid  as  it  is  not 
possible  to  titrate  back. 

Sugars  affect  the  acetin  method  in  proportion  to  the  number  of  hydros)'! 
groups  present. 

Personnel  of  Committee : 
C.  P.  LoNQ  Perct  H.  Walkes 

J.  R.  Powell  Archibald  Campbell, 

RoBT.  E.  Divine  CAairrrHin 

>  For  details  see  Jour,  of  Ind.  and  Eng.  Cbem.,  3  (1911),  682. 


ANALYSIS  OF  PAINTS 

HxNRT  A.  Gardner'  and  John  A.  Scrabffbr* 

In  reporting  the  results  of  ku  examination  of  a  paint,  it  is  advisable  to  give 
ill  the  analytical  data  as  well  as  a  rfeum^  ehowing  the  probable  composition  of 
Uk  paint.     This  is  shown  in  the  following  example: 

Results  or  Analtbis 

Total  Pigmente  or  Solids 60% 

Tola!  Vehicle  or  Liquids 40 

Analysis  of  PigTotnt  Portion 

Lead  Oxide  (PbO) 37.47% 

Zmc  Oxide  (ZnO) 44 .50 

Alumina,  iron,  lime 2.90 

Magnesia  (MgO) 1.90 

Silica  (SiO.) 4 ,63 

Cwbon  Dioxide  (CO,) 2 .60 

Sulphuric  Anhydride  (SO.) 5.02 

W»ter  (combined) 73 

99. 16% 
Analysis  of  Vehielt  Portion 
Vehicle  contained  20%  volatile  matter. 

Volatile  matter  consiated  of  equal  parla  of  turpentine  and  mineral  spirits, 
NoD-volatile  matter  had : 

lodioc  Number 175 

Add  Number 2.4 

Saponification  Number 188 

ud  contained  .02%  ash  consisting  of  lead  and  manganese  oxides. 

Printable  Composition  of  Paint. 

Pigment 60% 

Liquid 40 

PigmtiU 

Basic  Cftriionate— White  Lead 22% 

Basic  Sulphate— Whit«  Lead 25 

Ziac  Oxide 43 

Asbestine 10 

Liquid  "^ 

Raw  Linssed  Oil 80% 

Mineral  Spirita 10 

Turpentine  and  Drier 10 

100% 
'Dinctor  Institute  of  Paint  and  Varnish  Research,  Washington,  D.  C. 
'Vire-Preaident  and  Chief  Chemist,  The  Eagle-Picher  Lead  Co.,  St.  Louis,  Mo. 
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ANALYSIS  OF  PAINT  VEHICLES 

Comporitioii  of  liquid  Part.  The  vehicle  or  liquid  portion  of  paints  may  con- 
tain various  fixed  animal,  vegetable  or  mineral  oils,  oleo-rednous  varnishes,  tur- 
pentine, mineral  distillates,  benzol  and  driers. 

It  is  always  advisable  to  determine  the  total  percentage  of  liquids  in  a  paint. 
The  container  should  be  thoroughly  abaken  so  that  the  contents  will  be  umfonn 
throughout.  A  portion  of  4  or  5  ounces  may  then  be  removed  and  placed 
in  a  screw-cap  bottle.  The  original  can  of  paint  should  then  be  set  aside  so  that 
settlii^  of  the  pigments  will  take  place.  Unless  the  paint  is  in  paste  form,  this 
will  usually  be  accomplished  in  twenty-four  hours.  A  portion  of  the  clear  liquid 
floating  over  the  pigments  may  then  be  removed  «)d  directly  examined  aa  out- 
lined under  Separation  of  Vehicle  Components. 

Percentagfl  of  Liquid  by  Ignition  Method.  The  percentage  of  vehicle  in  the 
uniform  sample  of  paint  previously  obtained  may  be  found  by  placing  a  w^ghed 
portion  in  a  porcelain  crucible  and  slowly  ipiiting  it  to  bum  off  the  organic  con- 
stituents. By  carefully  regulating  the  heat,  the  oil  and  volatile  thinners  will  be 
slowly  burned  off,  leaving  the  pigment  behind,  which  may  then  be  weighed,  cal- 
culating the  vehicle  by  difference.  This  method  is  a  rapid  one  and  works  wdl 
with  some  pigments.  When  pigments  are  present  which  show  an  appreciable  Iose 
on  ignition,  or  blacks  or  blues,  this  method  is  not  to  be  relied  upon. 

Percentage  of  Liquid  fay  Extraction  Methods.  Another  good  method  of  sepa- 
rating the  vehicle  from  a  paint  is  to  place  a  portion  in  a  ]ejge  tube,  adding  a  con- 
siderable quantity  of  benzol,  petroleum  ether,  or  that  portion  of  gasoline  distiltiog 
below  120°  C,  subsequently  centrifuging.  Pigments  wliich  settle  slowly  are 
thrown  down  very  rapidly  by  this  method.  The  process  is  repeated  three  or  tour 
times  in  ord(  r  thoroughly  to  free  the  pigment  from  oil.  After  drying,  the  pigment 
is  weighed  and  the  percentage  of  vehicle  determined  by  difference.  In  case  a 
centrifuge  is  not  available,  the  vehicle  of  many  paints  may  be  separated  by  simj^y 
shaking  a  portion  of  the  paint  in  a  long  test-tube  with  benzol,  allowing  the  pigment 
to  settle,  repeating  the  extraction  until  the  oil  is  thoroughly  removed. 

Some  operators  have  from  time  to  time  used  a  Soxhiet  extractor  for  the  deter- 
mination of  the  vehicle  of  a  paint.  This  method  is  rather  slow  and  does  not 
always  give  satisfactory  results. 

It  must  be  remembered  that  no  method  of  extraction  of  the  oil  from  a  paint 
will  give  absolute  results.  The  last  traces  of  oil  cannot  be  removed  from  ths 
pigment,  which  is  probably  due  to  the  fact  that  many  pigments  such  as  lead  and 
zinc  react  with  the  oil,  producing  small  quantities  of  insoluble  soaps  which  are 
not  comnletely  dissolved  by  the  solvent. 

In  the  extractiou  of  paints,  the  choice  of  a  solvent  18  important.  When  beniol 
(90°)  is  not  available,  it  may  be  replaced  by  gasoline  that  has  been  redistilled, 
using  the  light  fraction  coming  over  below  120°  C.  This  cannot  be  used,  however, 
when  varnish  resins  other  than  rosin  are  present,  as  they  are  insoluble  therein. 

There  are  some  pigments  which  by  reason  of  their  low  specific  gravity,  col- 
.'oidal  nature  or  partial  solubility  can  never  be  completely  separated  from  oil, 
either  by  settling,  centrifuging  or  extraction,  Of  these  the  most  commonly 
met  with  are  lampblack  and  other  forms  of  carbon,  zino  oxide  and  Prussian  blue. 
Colloidal  pigments  such  as  zinc  oxide  are  very  troublesome  in  this  respect.  When 
these  pigments,  however,  are  present  in  a  paint  in  considerable  percentage,  the 
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(Mcohy  of  their  separation  may  be  avoided  by  adding  t:>  the  paint  three  or  four 
times  its  volume  of  fuller's  earth,  diluting  the  mixture  in  a  large  test-tube  with 
paoline  of  petroleum  ether  and  either  centrifuging  or  plncing  in  a  rack  to  settle. 
Ti»  fuller's  earth  carries  down  the  colloidal  pignients  and  the  f^cparation  is  sharp 
and  easy.  This  method,  of  course,  is  simply  used  to  extract  the  vehicle  present. 
The  pigment  resulting  from  the  separation  cannot  bo  used  for  analysis  on  account 
d( admixture  with  the  fuller's  earth. 

Id  some  cases  the  pigments  in  paste  colors  made  of  lampblack  and  Prussian 
btne  cannot  be  separated  from  the  vehicle  portion.  The  amount  of  Prussian  blue 
present,  however,  iray  be  determined  by  making  a  Kjcldnhl-CIunnlng  dctermina- 
tion  on  a  portion  of  the  entire  paint,  multiplying  the  nitrogen  found  by  4.4.  For 
the  determination  of  the  lampblack  present,  a  portion  of  the  entire  paint  may  be 
boiled  with  an  excess  of  alcoholic  potash  until  all  of  the  oil  is  saponified.  The 
miiture  is  then  decanted  through  a  filter  and  washed,  first  with  hot  alcohol  and 
then  with  hot  water.  This  affords  n  very  good  separation  of  the  vehicle  from  the 
pipient  of  such  paints.  By  this  method,  the  Prussian  blue  which  may  be  present 
is  partially  destroyed,  the  iron  content  remaining  admixed  with  the  black  pig- 
ment on  the  filter. 

Separation  of  Vehicle  Components.  Whenever  possible,  it  is  advisable  to 
determine  the  constituents  of  the  vehicle  upon  that  eample  that  has  been  removed 
from  the  top  of  the  settled  can  of  paint.  A  weighed  portion  of  this  vehicle  may  be 
placed  in  a  tared  flask  and  attached  to  a  Liebig  fondenser.  Heating  to  180°  C. 
or  k>wer  wilt  drive  off  nearly  all  the  volatile  constituents.  The  composition  of  the 
distillate  may  be  determined  by  the  methods  given  under  the  Examination  of  Tur- 
pditiae.  A  portion  of  the  residue  in  the  flask,  which  consists  of  oil,  driers,  gums, 
ete.,  may  be  transferred  to  a  crucible  and  ignited.  The  residue  may  then  be 
TOIJied  and  calculated  to  ash.  The  ash  should  be  analyzed  for  lead,  manganese 
uid  other  driers. 

Another  portion  of  the  original  vehicle  may  be  evajxirated  in  an  atmosphere 
of  CO)  (prevents  oxidation)  to  remove  the  volatile  constituents.  A  portion  of  the 
pil  residue  may  then  be  examined  for  iodine  number  and  other  constants.  In  some 
instances  it  would  be  advisable  to  make  a  saponificati<m  and  extraction  of  the 
fatly  acids  from  this  residue,  determining  the  iodine  numl^er  on  the  fatty  acids. 

Viter.  For  a  direct  determination  of  the  percentage  of  water  in  a  paint,  the 
SQaiystmay  place  a  weighed  quantity  (approximately  100  grams)  of  the  paint  in 
^  metal  still,  mixing  it  with  an  equal  quantity  of  sand.  Distillation  will  drive  off 
^be  water  Bnd  other  volatile  constituents  which  will  separate  into  two  layers  in  the 
SnuJuate. 

Direct  Distillation  for  Volatiles.  For  a  direct  determination  of  the  volatile 
Constituents  in  a  paint,  a  sample  may  be  distilled  in  vaaio.  This  is  easily  manned 
Wherever  a  vacuum  pump  is  available  and  avoids  the  necessity  of  overheating  the 
qO.  When  diatJUicg  by  this  method,  a  sample  of  the  clear  vehicle  from  a  settled 
paint,  in  order  to  obtain  the  flxed  oils  for  analysis,  it  ^ould  not  be  heated  above 
ISO"  C.  and  neither  should  the  solvent  be  volatilised  in  such  a  way  as  to  allow  the 
oil  to  be  in  contact  with  air,  as  it  will  oxidize  rapidly  while  warm  and  its  iodine 
inimber  be  vary  much  lowered.  The  volatile  may  also  be  separated  by  eteam  dis- 
tillation. 

Detection  of  Reiinates.  To  determine  whether  the  drier  in  a  paint  is  of  the 
rennate  type  or  linoleate  type,  a  few  drops  of  the  oil  vehicle  may  be  mixed  on  a  por- 
edaio  plate  with  one  or  two  drops  o(  acetic  anhydride,  subsequently  adding  r- 
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drop  of  Bulphuric  acid.  Upon  the  addition  of  the  sulphuric  add,  a  flash  of  purple 
color,  tumingtodark  brown,  will  be  shown  where  rosin  is  present.  If  rosin  should 
be  prefient  in  the  vehicle  to  a  considerable  extent,  the  oil  will  have  a  very  high  add 
number.  The  approximate  percentage  of  roain  present  may  be  determined  by 
shaking  a  portion  of  the  vehicle  with  05%  alcohol  in  a  scparatory  funnel,  sub- 
sequently separating  the  alcoholic  extract,  evaporating  and  weighing  the  rei^due. 

Detectioa  of  Various  Oils.  Chinese  wood  oil  may  be  detected  in  the  vehicle 
by  mixing  the  oil  with  an  equal  volume  of  a  saturated  solution  of  iodine  in  petro- 
leum ether,  allowing  the  mixture  to  stand  in  direct  sunlight.  Under  these  condi- 
tions, a  peculiar,  insoluble,  sjxingy  poljTner  of  one  of  the  fatty  acids  of  CbiacBe 
wood  oil  is  shown.  Fish  oil  can  usually  be  detected  by  its  odor  and  the  dark  red 
color  during  saponification.  The  presence  of  eoya  bean  and  other  vegetable  ok 
is  in  some  cases  difficult  to  det«ct.  The  iodine  numbers  of  these  oils,  however,  IR 
all  lower  than  that  of  linseed  oil.  It  must  be  remembered,  however,  that  the 
iodine  number  of  boiled  linseed  oil  is  lower  than  that  of  raw  oil  and  that  the  iodine 
number  of  oils  extracted  from  many  paints  is  usually  lower  than  shown  by  the 
original  oil.  In  the  presence  of  considerable  quantities  of  drier,  it  is  always 
advisable  to  extract  the  fatty  acids  from  oil  and  make  the  iodine  detenniuHtiw 
upon  them. 

The  distillate  from  the  point  vehicle  may  consist  of  turpentine,  mineral  dis- 
tillates, benzol  and  similar  solvents.  The  presence  of  benzol  is  readily  detected 
by  addii^  a  few  drops  of  the  distillate  to  a  small  quantity  of  a  mixture  of  con- 
centrated nitric  and  sulphuric  acids.  Upon  heating  this  mixture,  the  character- 
istic odor  of  nitro-benzol  will  be  recognized  if  benzol  is  present.  Mineral  dis- 
tillates from  petroleunk  are  easily  detected  by  the  polymerization  method  giveo 
under  the  Examination  of  Tmpentine. 

ANALYSIS  OF   PAINT  OILS 

Although  linseed  oil  ix  used  to  the  greatest  extent  in  paints,  some  other 
oils  occasionally  find  application  in  the  miinufacture  of  special  paints.  The 
following  have  been  used  for  this  purpose:  soya  bean  oil,  peiilla  oil,  com  oil. 
cottonseed  oil,  sunflower  oil,  lunibang  oil  and  similar  vegetable  oils;  menhaden 
oil,  whale  oil,  herring  oil,  and  similar  marine  animal  oils  of  relatively  high  iodine 
number. 

There  are  given  below  methwls  for  the  analysis  of  linseed  oil,  in  accordance 
with  the  latest  practice  developed  by  the  U.  S.  Government  Interdepartmentsl 
Committee  on  staiulurdization  of  paint  specifications.  These  methods  may  be 
followed  in  examining  any  of  the  other  oils  mentioned  above. 

Iodine  Humber.  ^^'eigh  in  a  small  glass  capsule  from  0.2  to  0.3  gram  of  oil> 
transfer  to  a  500-cc.  bottle  having  a  well-ground  stopper,  dissolve  the  oil  in  10  cc. 
of  chloroform  and  add  .30  cc.  of  HonuB  solution;  let  it  stand  with  occasional  shsk- 
ing  for  one  hour,  add  10  cc.  of  a  10  per  cent  solution  of  potassium  iodide  and  ISO 
cc.  of  water,  loid  titrate  with  standard  sodium  tliiosulphate,  using  starch  as  indi- 
cator. Blanks  must  be  run  each  lime.  From  the  difference  between  the  amounts 
of  sodium  thiosulphate  required  by  the  blanks  and  the  determination,  calculate 
the  iodine  number  (centigrams  <if  iodine  to  1  gram  of  oil).  The  iodine  number  rf 
raw  linsc(d  oil  varies  from  175  to  193.  Make  the  Hanus  solution  by  dissolving 
13.2  grams  of  iodine  in  1000  cc.  of  glacial  acetic  acid  which  will  not  reduce  chromic 
acid,  and  adding  3  cc.  of  bromine. 
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Analysts  of  Linseed  Oil 

Loss  oo  Heating  at  105°  to  110°  C.  Place  10  grams  of  the  oil  in  an  accur- 
ately weighed  200  cc.  Erlenmeyer  flask;  weigh.  Heat  in  an  oven  at  a  tempera- 
ture between  105  and  110°  C.  for  30  minutes;  cool  and  weigh.  Calculate  the 
percentage  loss.  Thin  determination  shall  be  made  in  a  current  of  dry  carbon 
dioxide  gas. 

Foots.  With  all  materials  ^t  a  temperature  between  20°  and  27°  C.  mix, 
by  shaking  in  a  stoppered  flask  for  exactly  one  minute,  25  cc.  of  the  well' 
shaken  sample  of  oil,  25  cc.  of  acetone  and  10  cc.  of  the  acid  calcium  chloride 
mlution.  Transfer  the  mixture  to  a  burette  where  settling  can  take  place  for 
21houre.     The  temperature  during  this  period  should  be  between  20°  and  27°C. 

The  volume  of  the  stratum  lying  between  the  clear  calcium  chloride  solution 
and  the  clear  acetone  and  oil  mixture  is  read  in  tenths  of  a  cubic  centimeter  or  a 
fractioQ  thereof.  This  reading  multiplied  by  four  expresses  the  amount  of 
foots  present  ae  percentage  by  volume  of  the  oil  taken. 

Specific  Gravity.  Use  a  pyknometer  accuratdy  standardized  and  having  a 
capacity  of  dt  least  25  cc,  making  the  test  at  15.5°  C,  water  being  unity  at 
15.5°  C. 

Add  HnmbeT.  Weigh  from  5  to  10  grams  of  the  oil.  Transfer  to  a  350  c£. 
Erieomeyer  flask.  Add  50  cc.  of  neutral  05  per  cent  ethyl  alcohol.  Put  a 
condenser  loop  inside  the  neck  of  the  flask.  Heat  on  a  steam  bath  for  30 
minuter.  Cool  and  add  phenolphthalein  indicator.  Titrate  to  a  faint  perma- 
nent pink  color  with  the  standard  sodium  hydroxide  solution.  Calculate  the 
uid  number  (milligrams  KOH  per  gram  of  oil). 

Saponiflcatioii  Number.  Weigh  about  2  grams  of  the  oil  in  a  350  cc.  Erlen- 
meyer flask.  Add  25  cc.  alcoholic  sodium  hydroxide  solution.  Put  a  cod- 
d«iser  loop  inside  the  neck  of  the  flask  and  heat  on  the  steam  bath  for  one 
hour.  Cool,  add  phenolphthalein  as  indicator,  and  titrate  with  haJf  normal 
sulphuric  acid.  Run  two  blanks  with  the  tdcoholic  sodium  hydroxide  solution. 
These  should  check  within  0.1  cc.  N/2  HiSOv  Prom  the  difference  between 
tbc  number  of  cubic  centimeters  of  N/2  HjSOi  required  for  the  blank  and  for 
the  determination,  calculate  the  saponification  number  (mijiigrums  KOH 
required  for  1  gram  of  oil). 

Dnsaponiflable  Matter.  Weigh  8  to  10  grams  of  the  oil.  Transfer  to  a 
250  cc,  long-neck  flask.  Add  5  cc.  of  strong  solution  of  sodium  hydroxide 
(equal  weights  of  NaOH  and  H:0),  and  50  cc.  95  per  cent  ethyl  alcohol.  Put  a 
condenser  loop  inside  the  neck  of  the  flask  and  boil  for  two  hours.  Occasionally 
tgitate  the  flask  to  break  up  the  liquid  but  do  not  project  the  liquid  onto  the 
sides  of  the  flask.  At  the  end  of  two  hours  remove  the  condenser  and  allow  the 
liquid  to  boil  down  to  about  25  cc. 

Transfer  to  a  500  cc.  glass-stoppered  separatory  funnel,  rinsing  with  water. 
Dilute  with  water  to  250  cc,  add  100  cc.  redistilled  ether.  Stopper  and  shake 
for  one  minute.  Let  stand  until  the  two  layer.-^  separate  sharp  and  clear. 
Draw  all  but  one  or  two  drops  of  the  aqueous  layer  into  a  second  500  cc 
Rpvatory  funnel  and  repeat  the  process  using  60  cc.  of  ether.  After  thorough 
xqur&tion  draw  off  the  aqueous  solution  into  a  400  cc.  beaker,  then  the  ether 
solution  into  the  first  separatory  funnel,  rinsing  down  with  a  little  water. 
Ketura  the  aqueous  solution  to  the  second  separatory  funnel  and  shake  out 
Mun  with  60  cc.  of  ether  in  a  similar  manner,  finally  drawing  the  aqueous 
wlution  into  the  beaker  and  rinsing  the  ether  into  the  first  separatory  funnel. 
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Shake  the  combined  ether  solutJOQ  with  the  accumulated  water  rinsiags  anJ 
let  the  layers  separate  sharp  and  clear.  Draw  oR  the  water  and  add  it  to  tbe 
main  aqueous  solution.  Shake  the  ether  solution  with  two  portions  of  water 
(about  25  oc.  each).     Add  these  to  the  main  water  solution. 

Swirl  the  separatory  funnel  so  as  to  bring  the  last  drops  of  water  down  to 
the  stopcock,  and  draw  off  until  the  ether  solution  just  fills  the  bore  erf  the 
stopcock.  Wipe  out  the  stem  of  the  separatory  funnel  with  a  bit  of  cotton  on  i 
wire.  Draw  the  ether  solution  (portionwise  if  necessary)  into  a  2-'0  co,  fla^k 
and  distill  off.  While  still  hot,  drain  the  flask  into  a  smdl  weighed  beaker, 
rinsing  with  a  little  ether.  Evaporate  this  ether,  cool  and  weigh.  IThr 
unsaponifiable  oil  from  adulterated  drying  oik  is  volatile  and  toilt  evaporaU  o* 
long  heating.  Therefore  heat  the  beaker  on  a  warm  plale,  occasionally  bhwing 
out  with  a  current  of  dry  air.  Discontinue  heating  as  soon  as  the  odor  of  ether  i» 
gone.) 

Iodine  Number.  Place  a  small  quantity  of  the  sample  in  a  small  weighiDi 
burette  or  beaker.  Weigh  accurately.  Transfer  by  dropping  about  0.15 
grams  (0.10  to  0.20  grams)  to  a  500  cc.  bottle  having  a  well-ground  glass  stoppn', 
or  an  Erlenmeyer  flask  having  a  specially  flanged  neck  for  the  iodine  tesl, 
Eeweigh  the  burette  or  beaker  and  determine  the  amount  of  sample  used. 
Add  10  cc.  of  chloroform.  Whirl  the  bottle  to  dissolve  the  sample.  Add  10  cc. 
of  chloroform  to  each  of  two  empty  bottles  like  that  used  for  the  sample.  Add 
to  each  bottle  25  cc.  of  Hanus  solution  and  let  stand  with  occasional  shaking 
for  one-half  hour.  Add  10  cc.  of  the  15  per  cent  potassium  iodide  solution  and 
100  cc.  of  water,  and  titrate  with  standard  sodium  thiosulphate  using  starch 
as  indicator. 

The  titrations  on  the  two  blank  tests  should  ^ree  within  0.1  cc.  From 
the  dlflerenoe  between  the  average  of  the  blank  titration  and  the  titration  on 
the  samples  and  the  iodine  value  of  the  thiosulphate  solution,  calcu]at«  the 
iodine  number  of  the  samples  tested.  (Iodine  number  is  centigrams  of  iodioe 
to  1  gram  of  sample.) 

Ash.  Take  a  porcelain  crucible  or  dish.  Add  10  to  25  cc.  of  oil,  carefully 
weighing  the  amount  added.  Place  on  a  stone  slab  on  the  floor  of  a  hood. 
Ignite  by  playing  the  flame  of  a  burner  on  the  surface  of  the  oil  and  allow  to 
burn  quietly  until  most  of  the  oil  is  burned  off;  then  transfer  to  a  muffle  W 
over  a  flame  and  continue  heating  at  a  very  low  temperature  (not  over  a  dull 
red)  until  all  carbonaceous  matter  is  consumed.  Cool,  weigh,  and  calculate 
the  percentage  of  ash.  Moisten  the  ash  with  a  few  drops  of  water  and  test 
with  litmus  paper.  Record  whether  neutral  or  alkaline.  Wash  any  ash  ad- 
hering to  the  teat  paper  back  into  the  crucible.  Dissolve  the  ash  in  dilute 
nitric  acid  to  wiiich  a  little  hydrogen  pieroxide  has  been  added.  After  solutioo 
is  complete  make  up  the  volume  to  about  50  cc.  with  nitric  acid  and  water  so 
that  the  final  volume  will  contain  about  1  volume  of  concentrated  nitric  oad 
and  3  volumes  of  water.  Boil  to  remove  excess  of  hydrogen  peroxide.  Deter- 
mine manganese  by  the  bismuthate  method. 

Ash  another  portion  of  the  oil  and  dissolve  the  ash  as  above  in  nitric  add 
and  hydrogen  peroxide.  Transfer  to  a  250  cc.  beaker  and  dilute  to  about 
200  cc.  This  volume  of  solution  should  contain  15  to  20  cc.  of  concentrated 
nitric  acid.  Electrolyse  this  solution  using  platinum  electrodes  (the  anode 
being  previously  weighed)  with  a  current  density  of  about  0.5  amperes  aw 


PAINT  AND  PAINT  PIGMENTS  1167 

2  to  2.5  volts.  It  is  beat  to  pass  the  current  overnight  (about  15  hours).  On 
removing  the  anode,  it  is  carefully  washed  in  clear  water,  dried  in  a  steam  oven, 
tnaslerred  to  an  oven  where  it  is  heated  to  180°  C,  cooled  and  weighed. 
The  increase  in  weight  of  the  anode  multiplied  by  0.86  given  the  weight  of 
tead  in  the  sample.  Calculate  to  percentage.  If  desired,  the  lead  may  be 
determined  by  the  sulphate  or  any  other  accurate  method  in  place  of  the 
electrolytic  method  given  above. 

Time  of  Diying  on  Glass.  Flow  the  oil  over  a  perfectly  clean  glass  plate 
isd  allow  to  drain  in  a  vertical  position  in  a  well- ventilated  room  at  a  tempera- 
ture between  IS"  and  39°  C.  After  about  2  huurs  the  film  is  tested  at  intervalH 
with  the  finger  at  points  not  less  than  2^  cm.  from  the  edges.  The  film  will 
becoDsidered  dry  when  it  adheres  no  longer  to  the  finger  and  does  not  rub  up 
appreciably  when  the  finger  is  rubbed  lightly  across  the  surface.  With  boiled 
lineeed  oil  this  usually  occurs  in  from  5  to  18  hours. 

Res£«nts  for  Testing 

The  following  reagents  will  be  required: 

Aeelone  that  will  pass  the  specification  of  the  United  States  Pharmacopoeia. 

Acid  Calcium  Chloride  Soltdion.  Saturate  with  calcium  chloride  a  mixture 
(J90  part«  wat»  and  10  parts  concentrated  hydrochloric  acid  (specific  gravity 
1.2). 

Standard  Sodium  ThiosxdphaU  Solution.  Dissolve  pure  sodium  thiosulphate 
in  distilled  water  that  has  been  well  boiled  to  free  it  from  carbon  dioxide  in  the 
invportion  so  that  24.83  grams  crystallized  sodium  thiosulphate  will  be  present 
in  1000  cc.  of  the  solution.  It  is  best  to  let  this  solution  stand  for  about  two 
*«eks  before  standardizing.  Standardize  with  pure  resublimed  iodine.  This 
sdution  will  be  approximately  decinormal,  and  it  in  best  to  leave  it  as  it  is  after 
deterniiniDg  its  exact  iodine  value,  rather  than  to  attempt  to  adjust  it  to 
tuctly  decinormal  strength.  Preserve  in  a  stock  bottle  provided  with  a  guard 
tube  Slled  with  soda  lime. 

Starch  Solvlion.  Stir  up  2  to  3  grams  of  potato  starch  or  5  grams  soluble 
"Urch  with  100  cc.  of  1  per  cent  salicylic  acid  solution,  add  300  to  400  cc. 
iMiling  water,  an<]  boil  the  mixture  until  the  starch  is  practically  dissolved. 
Dilute  to  1  liter. 

Standard  Iodine  Solution.  Disi^olve  13  grams  of  resublimed  iodine  and 
18  grams  of  pure  potassium  iodide  (free  from  iodatcs)  in  50  cc.  of  distilled 
■ater,  and  dilute  to  1000  cc.  Determine  its  exact  value  by  titrating  with  the 
staDdard  sodium  thiosulphate  solution. 

Potassium  Iodide  Solution.  Dissolve  150  grams  of  potassium  iodide  free 
(ram  iodate  in  distilled  water  and  dilute  to  1000  cc. 

Hanu*  Solution.  Dissolve  13.2  grams  of  iodine  in  1000  cc.  of  glacial  acetic 
Mid  (99.5  per  cent)  that  will  not  reduce  chromic  acid.  Add  enough  bromine 
to  double  the  halogen  content,  determined  by  titration  (3  cc.  of  bromine  is 
about -the  proper  amount).  The  iodfnc  may  be  dissolved  by  the  aid  of  heat, 
'xitthe  solution  should  be  cold  when  the  bromine  is  added. 

SUmdard  Sodium  Hydroxide  Solution.  Prepare  a  stock  concentrated  solu- 
twurf  sodium  hydroxide  by  dissolving  sodium  hydroxide  in  water  in  the  pro- 
portion of  200  grams  NaOH  to  200  cc.  water.  Allow  this  solution  to  cool  and 
••We  in  a  stoppered  bottle  for  several  days.  Decant  the  clear  liquid  from  the 
Piwipitate  of  sodium  carbonate  into  another  clean  bottle.     Add  clear  barium 
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hydroxide  aolution  until  no  further  precipitate  forms.  Again  allow  to  gettle 
until  clear.  Draw  ofT  about  175  cc.  uud  dilute  to  10  liters  with  freshly  boiled 
diatilied  water.  Preserve  in  a  stock  bottle  pro^-ided  with  a  large  guard  tube 
filled  with  soda  lime.  Determine  the  exact  strength  by  titrating  against  pure 
benzoic  acid  (CtlliC'OOH)  using  pheuolphthaJein  as  indicator.  This  EolutioD 
will  be  approximately  one-fourth  normal,  but  do  not  attempt  to  adjust  it  to 
any  exact  value.  Determine  it8  exact  strength  and  make  proper  correctione 
in  using  it. 

Alcoholic  Sodium  Hydroxide  Solution.  Dissolve  pure  sodium  hydroxide  in 
Oo  per  cent  ethyl  alcohol  in  the  proportion  of  about  22  grams  per  1000  cc.  Let 
stand  in  a  stoppered  bottle.  EJecant  the  clear  liquid  into  another  bottle,  and 
keep  well  stoppered.  This  solution  should  be  colorless  or  only  slightly  yellow 
when  used;  it  will  keep  colorless  longer  if  the  alcohol  is  previously  treated  mth 
NaOH  (about  80  g.  to  1000  cc.),  kept  at  about  50°  C.  for  15  days,  and  then 
distilled. 

Half  Normal  Sulphuric  Acid  Solutioa.  Add  about  IS  cc.  sulphuric  add 
(1.81  specific  gravity)  to  distilled  water,  cool  and  dilute  to  1000  cc.  Determine 
the  exact  strength  by  titrating  against  freshly  standardized  sodium  hydroxide 
or  by  any  other  accurate  method.  Either  adjust  to  exactly  half  normal 
strength  or  leave  as  originally  made,  applying  appropriate  correction. 

Standards  are  given  below  for  raw  and  boiled  linseed  oil  obtained  from 
South  American  flax.  The  same  specilications  obtain  for  linseed  oils  from 
North  American  flax  except  that  the  minimum  iodine  number  of  such  oil 
should  be  178  for  the  raw  and  176  for  the  boiled. 


Raw  Unseed  Oil 


Maumum 


Loss  on  heating  at  105  to  1 10°  C.  (per  cent) 0.2  

Foots  by  volume  (per  cent) 2.0  ^  . . . 

Specific  gravity  16.5/15.5=  C 936  0.933 

Acid  number 6.0  

Saponification  number 195.0  189.0 

Unsuponifiable  mutter  (|>er  rent) 1 .5  

Iodine  number  (Hanus) 170.0 

Color Not  darker  than  a  freshly 

prepared  solution  of  1.0 
gram  potassium  bichronulr 
m  100  cc.  pure  etronii  (l.M 
specific    gravity)     sutphuiii' 


Boiled  Unued  Oa 


Msi 


Loss  on  heating  at  105"  to  110°  C.  (per  cent) .  .  0.2 

Specific  gravity  at  15.5/15.5°  C 945 

Acid  number 8.0 

Saponification  number 195.0 

Unsaponifiabic  matter  (per  cent) 1.50 

Iodine  number  (Hanus) 

Ash  (per  cent) .7 

Manganese  (per  cent) '. 

I*ad  (per  cent) 

Time  of  drying  on  gloss  (hours) , , 20.0 
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Examination  of  Tung  Oil  (Chinese  Wdod  Oil) 

Tbe  methods  given  above  for  the  analysia  of  linseed  oil  and  similur  oils 
ni;  be  used  for  the  examination  of  tung  oil  except  thut  the  iodine  number  must 
be  determined  by  the  Hubl  method  as  given  below;  the  Haiius  method  not 
beJDg  satisfactory  for  tung  oil.  The  heating  test  and  iodine  Jelly  test  used  for 
lung  oil  are  also  given  below  as  these  are  used  extensively  by  the  chemist  for 
judging  the  purity  and  value  of  tung  oil. 

Iodine  Number  (Hufal).  Place  a  small  quuntity  of  oil  into  a  .small  weighing 
bottle  or  beaker.  Weigh  carefully.  Transfer  by  dropping  from  0.2  to  0.3 
pun  to  a  500-GC.  bottle  having  a  well'ground  stop|>er,  or  a  specially  flanged 
neck,  iodine-teiit  Erlenmeyer  flask.  Re-weigh  the  weigliing  bottle  or  beaker  to 
determine  the  amount  of  oil  used  in  the  test.  Then  dissolve  the  oil  in  10  cc. 
of  chloroform  and  add  an  amount  uf  Hubl  solution  containing  twice  the  amount 
of  iodine  that  will  be  aksorbcd  by  the  oil.  Stopper  the  flask,  shake  well,  and 
l^ace  in  a  dark  clo.set  for  eighteen  hours.  Add  10  cc.  of  a  15%  solution  of 
potassium  iodide  and  100  cc.  of  distilled  water.  Titrate  with  N/10  sodium 
tbiosulphate,  using  starch  a.s  an  indicator.  Blank  tests  must  be  made.  Prom 
the  difference  between  the  amounts  of  sodium  thioaulphatc  required  by  the 
Uaaks  and  the  determination,  calculate  the  iodine  number  (centigrams  of 
iodlae  to  1  gram  of  oil). 

Oq  account  of  the  fact  that  Ilubi  solution  after  preparation  is  apt  to  deteri- 
orate in  strength,  it  is  considered  advisable  to  have  prepared  the  two  component 
put4  uf  Hubl  solution,  namely,  a  solution  of  mercuric  chloride  in  alcohol  and  a 
tolutiun  of  iodine  in  alcohol,  of  the  proper  strength,  a.<i  outlined  in  text-books. 
The  proper  amounts  of  these  solutions  may  be  mixed  on  the  day  of  use. 

Heating  Test  (Browne's  Method).  Test-tubes  for  containing  the  oil  should 
be  16  cm.  by  13  mm.,  with  a  mark  near  the  bottom  to  indicate  5  cc,  and  closed, 
b>- a  cork  BO  perforated  that  a  gloss  rod  3  mm.  in  diameter  can  move  freely. 

Fill  a  copper  beaker  (height  12  cm. ;  internal  <liametcr,  6  cm.)  with  cotton- 
seed oil  to  u  height  of  7.5  cm.  IMacc  a  thermometer  so  as  to  be  1.5  cm.  from 
the  buttom  of  the  bath. 

Use  a  nitrogen-filled,  immcrsed-stem  chemical  thermometer,  engraved 
•tern;  total  length  4  to  4j  ins. ;  graduated  from  210°  to  310°  ('.  in  2°  intervals; 
tbe  length  between  210°  and  310°  C.  not  le.ss  than  2^  ins.  If  preferred,  use 
"nergent-stem  thermometer  30  cm.  long,  with  graduations  from  100°  to  400°  C, 
"ukiog  correction  for  emergent  stem  acconling  to  the  methiHl  outlined  in 
Stem  Correction  Sheet  No.  44  of  the  U,  S.  Bureau  of  Standards. 

When  the  bath  temperature  i.s  293°  C.  (560°  F.)  and  very  slowly  rising  at 
lliis  point,  place  the  tube  containing  5  cc.  of  the  oil  to  be  tested  so  that  its 
hjttom  is  level  with  the  lowest  part  of  the  bulb  of  the  thermometer.  Note  the 
lime,  remove  the  source  of  heat  fi)r  about  forty-five  seconds  and  then  reapply. 
Nore  two  minutes  have  elapsed  the  temperature  of  the  bath  will  have  fallen 
loMa"  C.  (540°  F.),  at  which  point  it  should  be  kept  as  steady  as  possible, 
^hen  the  wood  oil  has  been  in  the  bath  about  nine  minutes,  raise  the  glass 
f«l  »t  intervals  of  one-half  minute,  and  when  the  rod  is  firmly  set  note  the 
">».  \n  setting  or  jellying  takes  place  within  a  few  seconds  of  fluidity,  a 
K°od  eod-determi nation  is  afforded.  Remove  the  specimen  .at  once,  heat  the 
»tha)5ain  to  203°  C,  and  repeat  the  experiment  with  another  portion  of  the 
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No  BtirreT  is  used  in  the  b&tb.  A  screen  around  the  bath  enables  the 
temperature  to  be  more  easily  reached.  When  the  cottonseed-  oil  has  become 
tarry  and  viscid,  it  should  be  renewed;  otherwise  heating  may  be  irreguisr. 

Iodine  Jelly  Test  In  a  wide-necked  200-cc.  Erlenmeyer  flask,  place  2.i 
grains  (weight  correct  to  1  milligram)  of  the  oil.  Add  10  cc.  of  chloroform 
from  a  pipette  and  stopper  the  flask  immediately.  Carefully  insert  a  equU 
glass  vial  into  the  flask  bo  that  the  vial  stands  upright.  Into  the  vial  from  » 
pipette  run  10  cc.  of  a  solution  of  iodine  in  chloroform,  containing  0.035  to 
0.036  gram  of  iodine  per  cc.  Place  the  flask  in  a  bath  containing  water  «t 
25°  to  26°  C.  and  allow  it  to  stand  there  for  a  few  minutes.  Keep  the  fliek 
stoppered,  except  when  it  is  necessary  to  remove  stopper  to  insert  the  rial  and 
to  add  the  iodine  solution.  Tilt  and  rotate  the  flask  so  that  the  vial  is  upset 
and  the  contents  of  the  flask  are  thoroughly  mixed,  at  the  same  time  starting  a 
stop-watch.  Keep  the  flask  in  the  bath  at  25°  to  26°  C.  and  at  the  end  of 
every  quarter  minute  tilt  the  flask  towards  a  horizontal  position.  Not«  the 
time  required  for  the  formation  of  a  jelly  that  does  not  flow,  but  sticks  to  the 
bottom  of  the  flask  or  slides  as  a  mass.  Record  time  in  minutes  and  quarters 
thereof.  Pure  Chinese  wood  oil  should  require  2j  to  3i  minutes  for  the  forma- 
tion of  the  jelly,  1/  the  temperature  of  the  laboratory  is  more  than  2°  or  3°  C. 
above  or  below  25°  C,  place  the  flaLsk  containing  the  iodine  solution  io  the 
bath  and  allow  it  to  remain  there  for  several  minutes  before  pipetting  out  the 
10  cc.  for  the  test. 

A  convenient  procedure  for  preparing  the  iodine  solution  is  as  follows: 
Treat  an  excess  of  iodine  with  warm  chloroform  and  after  shaking  for  a  fe* 
minutes  cool  the  contents  to  about  20°  C.  and  filter  through  glass  wool.  Pi- 
pette 10  cc.  of  the  solution  into  a  flnsk  containing  10  cc.  of  10%  potasEium- 
iodide  solution, and  titrate  with  0.1  normal  sodium-thiosnlphate  adution- 
Calculate  the  iodine  content  and  dilute  with  chloroform  so  as  to  obtain  an 
iodine  content  of  0.035  to  0.036  gram  per  cc.  After  dilution,  titrat«  again 
against  the  thiosulphate  to  be  sure  that  the  solution  is  of  required  strength. 

All  the  details  of  the  above  method  must  be  followed  exactly. 

The  chloroform  used  to  dissolve  the  oil  and  to  prepare  the  iodine  solution 
must  conform  to  the  requirements  of  the  U.  S,  Pharmacopoeia  and  must  have  a 
specific  gravity  at  2.5/25''  C.  of  not  more  than  1,481  and  not  less  than  1.480. 
The  proper  density  can  be  obtained  by  washing  with  water  if  the  specific  grawty 
is  too  low,  or  by  adding  95%  ethyl  alcohol  if  too  high. 
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SUndards  for  Chinese  Wood  Oil,  A.  S.  T.  M. 

Saw  Chinese  wood  oil  should  conform  to  the  following  requirements: 


^ific  gravity  at  la'.S/lS'.S  C 0.M3 

Acid  Dumber 6 

S^MHuBcation  number 195 

Unaaponifiable  matter,  per  cent 0.76 

Refractive  index  at  25°  C 1.520 

Iodine  number  (Hubl  eighteen  hours) 

Heating  test  (Browne's  method}  minutes 12 

Iodine  jeUy  teat,  f--—— 
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Constants  or  VABiona  Oil* 


Sp.  Gr. 

lo.^.^. 

Sepod,  No. 

Acid  No. 

^^- 

.931 
.924 
.932 
,944 
.94 
.94 
.968 
.97 
.924 
.941 

.921 
.920 
.964 
.882 
.927 
.924 
.927 
.910 
.919 
.851 
.936 

.932 

18  i 
129 
158 
166 
200 
192 
133 
102 
148 
172 

124,8 
111.7 
68.9 
66  4 
152 
124,6 
149.4 
132,8 
134.6 
28.2 
IS4.2 

102.2 

188 
189 
187 
183 
188 
189 
189 
199 
191 
187 

190,1 
194,3 

35,5 
101  3 
189 
189,3 
191  1 
158,9 
177,3 

5-2. !! 
187.6 

188.0 

2.0 
2,3 
3,9 
3,8 
2,0 
3,2 
2,8 
2,7 
9,2 
2.7 

4,1 
0,9 

32,4 
7,7 
1,0 
7  5 
3,9 
6,2 

10.4 
1,1 
7,3 

2.2 

1  4S50 

Heavy  Bodied  LJMoed  Oil 

Lithographio  Linaeed  Oil 

1,4966 
1,4978 
1  4S20 

(Linjltate  Drier) 

Kosin  Oil. 

1  4796 

Ilen-.pseed  Oil 

1,4822 

Sardine  OU 

1  4800 

<Re3inat«  Dr  er) 

Boiled  linseed  oil  from  North  American  seed  should  conform  to  the  following 
requirements,  A.  S,  T,  M,: 

Muimum.  Minimum, 

Specific  gmvHy  at  j|^C 0,945  0.937 

Acid  number 8 

SaponiBcation  number 195  189 

Unsaponifiable  matter,  per  cent 1,5 

Retractive  indcjt  at  25°  C 1 ,  484  1 .  479 

Iodine  number  (Hanus) 178 

Ash,  percent 0,7  0.2 

Man^nese,  percent 0.03 

Calcium,  per  cent 0.3 

Lead,  percent 0.1 

Raw  linseed  oil  from  North  American  seed  should  conform  to  the  following 
icquirementfi,  A.  S.  T.  M.: 

MBiLmum.  MiDlmau. 

Specific  gravity  at  J-f^  C 0.936  0.932 

Specific  gravity  at  ^C 0.931  0.927 

Acid  number 6.00  

Saponifiation  number 195  189 

UnsapoDifiable  matter,  per  cent 1.50  

Refractive  index  at  25°  C 1 .4805  1 .4790 

Iodine  numlwr  (Hanus) 180 

'  Contained  30%  volatile  matter,  largely  high  boiling-point  petroleum  spirita. 
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Examination  of  Turpentine 

Recoumended  Mbthod3  of  the  a.  S.  T.  M. 

Colof.  Fill  a  200-inm.,  perfectly  flat-bottom  colorimetric  tube  graduated  in 
jullimeters  to  a  depth  of  from  40  to  50  mm,  with  the  turpentine  to  be  examined . 
Hue  the  tube  in  a  colorimeter  and  place  on  or  under  it  a  No.  2  yellow  Lovibond 
gliB.  Over  or  under  a  second  graduated  tube  in  the  colorimeter,  place  a  No,  1 
jellow  Lovibond  gloss  and  ma  in  the  eame  turpentine  until  the  color  matches 
u  Dearly  as  possible  the  color  in  the  first  tube.  Read  the  difference  in  depth 
tt  Ute  turpentine  in  the  two  tubes.  If  this  difference  is  60  mm.  or  more  the 
torpeatine  is  "  Standard  "  or  better. 

Specific  Gravity.  Detenr.ine  specific  gravity  at  any  convenient  temperature 
with  a  plummet,  the  displacement  of  which  has  been  accurately  determined  for 
that  temperature,  or  by  an  e(iually  accurate  method,  using  the  factor  0.00082 
fw  each  degree  centigrade  that  the  temperature  of  determination  differs  from 
15°J  C. 

Refractive  Index.  Determine  refractive  index  at  any  convenient  tempera- 
ture with  an  accurate  instrument,  and  calculate  the  results  to  IS^.S  C,  using  the 
factor  0.00O45  for  each  degree  that  the  temperature  of  determination  diilers  from 
15°.5  C. 

Distillation.  Use  an  ordinary  Engler  flask  and  condenser,'  and  heat  the 
Suk  by  placing  it  in  a  glycerine  or  oil  bath  of  the  general  type  described  in 
Bulletin  Ko.  135,  Bureau  of  Chemistry.  Fit  the  flask  with  a  thermometer  reading 
fnm  145  to  200°  C.  in  such  a  way  that  the  mereury  bulb  shall  be  opposite  the 
ode  tube  of  the  flask  and  the  175°  mark  below  the  cork.  Place  100  cc.  of  the 
turpentine  to  be  examined  in  the  flask,  connect  with  the  condenser,  insert  stopper 
Wing  thermometer,  and  heat  until  distillation  of  the  turpentine  begins.  Con- 
duct the  distillation  so  that  the  distillate  passes  over  at  the  rate  of  2  drops  per 
Kcond.  Note  the  initial  distilling  temperature  and  the  pereentage  distilling 
bthtf  170°  C. 

Polymerization.  Place  20  cc.  of  exactly  38/N  (100.92  per  cent,)  sulphuric  acid 
ia  a  graduated,  narrow-neck  Babcock  flask,  stoppered,  and  place  in  ice-water 
and  cool.  Add  slowly  5  cc.  of  the  turpentine  to  be  tested.  Gradually  mix  the 
contents,  cooling  from  time  to  time,  and  not  allowing  the  temperature  to  rise  above 
ibout  60°  C.  When  the  mixture  no  longer  warms  up  on  shaking,  agitate  thor- 
Mlgbly  and  place  the  bottle  in  a  water  bath  and  heat  from  60  to  65°  C.  for  about 
«n  minutes,  keeping  the  contents  of  the  flask  thoroughly  mixed  by  vigorous 
haking  five  or  six  times  during  the  period.  Do  not  stopper  the  flask  after  the 
urpentine  has  been  added,  as  it  may  explode.  Cool  to  room  temperature,  fill 
be  flask  with  concentrated  sulphuric  acid  until  the  unpolymerized  oil  rises  into 
be  graduated  neck.  Centrifuge  at  about  1200  R.P.M.  from  four  to  five  minutes, 
r  allow  to  stand  for  twelve  hours.  Read  unpolymerized  residue,  notice  its  con- 
steacy  and  color,  and  determine  its  refractive  index. 
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Standards  for  Turpentine,  A.  S.  T.  M. 

Turpentine  should  be  clear  and  free  from  suspended  matter  and  water,  and 
should  conform  1o  the  following  requirements: 

The  color  shall  be  "  Standard  "  '  or  better. 

The  specific  gravity  shall  be  not  less  than  0.862  nor  more  than  0.872  at  16".5  C. 

The  refractive  index  at  15°.5  C.  shall  be  not  less  than  1.468  nor  mow  than 
1.478. 

The  initial  boiling-point  shall  be  not  less  than  150  nor  more  than  160"  C. 

Ninety  per  cent  of  the  turpentine  shall  distill  below  170°  C. 

The  polymerization  residue  shall  not  exceed  2%  and  its  refractjve  index  at 
15°.5  C.  shall  not  be  less  than  1.500. 


ANALYSIS  OF  VARNISH 

The  testing  of  varnish  should  largely  be  of  a  physical  nature.  Such  inopetties 
as  odor,  consistency,  clarity,  flowing,  time  of  drying,  character  of  finish,  hard- 
ness, resistance  to  moisture  and  abrasion,  elasticity,  etc.,  pi^int  out  the  real  value 
of  a  vamisli.  Chemical  tests  that  give  addition^  information,  sometimes  o!  a 
valuable  nature,  are  as  follo^vs:  Plash  point,  acid  number,  ash,  character  of  sol- 
vent, fixed  oil  and  resins. 

Flash  Point.  A  nickel  or  iron  crucible  of  60  mm.  diameter  and  lOrnm.  hei^t 
is  filled  with  the  varnish  to  within  20  mm.  of  the  top.  It  is  then  supported  in  a 
water  bath  in  such  a  manner  as  to  be  about  two-thitds  immersed  in  the  water. 
The  water  should  be  from  15°  to  20°  C.  at  the  start  and  should  be  heated  slowly 
so  that  the  temperature  of  the  varnish,  as  indicated  by  a  thermometer  suspended 
in  it,  will  show  a  rise  of  about  1  degree  per  minute.  Test  for  flash  at  each  half 
degree,  using  a  very  small  flame. 

Acid  Number.  Ten  to  20  grams  of  the  varnish  are  weighed  into  a  small 
Erlenmeyer  flask,  50  cc.  neutral  alcohol  added,  and  a  small  funnel  inserted  in  the 
neck.  Heat  on  the  water  bath  for  one-half  hour,  with  occasional  shaking.  Allow 
to  cool  somewhat,  add  two  drops  of  phenolphthalein  indicator  and  titrate  with 
tenth-normal  potassium  hydroxide  solution.  The  acid  number  is  the  number  of 
milligrams  of  KOH  required  to  neutralize  each  gram  of  the  varnish. 

Ash.  Weigh  in  a  porcelam  or  fused  silica  crucible  several  gramsof  the  vamish. 
Burn  oft  over  a  small  Bunsen  flame,  using  great  caution  to  avoid  boiling  over  and 
spattering.  When  all  combustible  matter  is  destroyed,  weigh  the  ash  and  if 
desired  analyze  it. 

Solvent.  Steam  distillation  of  a  portion  of  the  vamish  will  remove  the  sol- 
vents, leaving  a  rasiduc  of  fixed  oils  and  vamish  reains,  which  may  be  weighed 
after  driving  off  the  water.  The  distillate  should  be  examined  as  recommended 
under  Methods  for  the  Examination  o'  Turpentine.  The  amount  of  mineral 
spirits  and  turirentine  may  thus  be  determined. 

Fixed  Oils  and  Resins.  In  the  above  determination,  the  total  amount  of  fixed 
oils  and  resins  is  obtained.     It  is  a  difficult  matter,  however,  to  determine  the  exact 

'  The  turm  "  KtAndard  "  rcfcm  to  the  color  recognized  as  standard  by  the  "  Naval 
Stores  Trade."  1'umentinc  is  of  "  Standard  "  color  when  a  deptji  of  60  mm.  in  a  per- 
fectly flat  polished  bottom  tube,  appraxioiatcly  matches  a  No.  1  yellow  I^vibood 
^ass. 
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percentage  and  character  of  resins  that  have  been  used  m  the  manufacture  of  the 
Timah.  This  is  due  to  the  fact  that  during  the  process  of  heatini?  oils  in  the 
preseace  of  resins  numy  intricate  chemical  changes  ar?  brought  about,  a  con- 
liderable  portion  of  the  resins  being  distilled  off  in  the  form  of  vapors  and  com- 
binations of  the  oil  brought  about  that  are  difficult  of  separation.  One  of  the  beet 
methods,  however,  of  separating  the  fixed  oils  and  vamish  resins  is  carried  out  in 
the  following  manner. 

A  portion  of  about  a  half  ounce  of  the  vamish  resin  should  ho  placed  in  a  300-cc. 
tiled  beaker.  There  should  then  be  added  about  200  cc.  of  ice-cold  petroleum 
etber  and  the  beaker  should  be  covered  and  allowed  to  stand,  preferably  in  a  dish 
containing  ice.  In  an  hour's  time  the  resinous  ingredients  will  i>e  found  preciiw- 
ta  ed  at  the  bottom  of  the  beaker  or  adhering  to  the  side  thereof  (with  the  ex- 
wption  of  rosin,  which  is  largely  soluble  in  petroleum  ether).  The  precipitated 
resins  should  be  washed  with  fresh  portions  of  cold  petro'eum  ether  two  or  three 
times,  pouring  the  decanted  portions  into  a  large  bottle.  The  combined  portions  of 
petroleum  ether  may  then  be  filtered  through  a  tared  filter,  adding  by  the  aid 
ofaiitirringrod  the  resins  contained  in  the  beaker.  The  filter  paper  and  the  beaker 
«ith  the  resins  may  then  be  dried  at  100°  C.  and  weighed.  The  combined  filtrates 
Duy  be  distilled  to  obtain  the  fixed  oil  which  may  be  examined  for  constants. 
(Tbis  fixed  oil  may  contain  rosin.)  The  amount  of  rosin  contained  in  a  vamish 
luy  be  roughly  ascertained  by  thoroughly  shaking  in  a  eepnratory  funnel  a  portion 
rfthe  vamifih  with  a  large  quantity  of  absolute  alcohol.  The  rosin  may  be  ob- 
tained by  evaporation  of  the  alcoholic  extracts.  The  fixed  oils  n'tcr  oxidation  or 
polymerization,  as  caused  by  the  heating  of  the  vamish  during  manufacture,  are 
not  readily  soluble  in  alcohol. 

Sepaiation  of  Polymerized  Oils  and  Resins.  In  the  making  of  vamish,  some 
oilsbecomeoxidiiedorpolymerizedto  a  condition  resembling  resins.  Forinstance, 
»iien  a  vamish  is  examined  for  resins  by  the  above  method,  it  wilt  often  be  found 
that  a  considerable  amount  of  matter  insoluble  in  petroleum  ether  will  be  obtained 
evni  when  hard  resins  are  absent.  The  insoluble  substance  is  oxidized  or  polym- 
niied  oil.  It  may  be  differentiated  from  vamish  resins  by  the  fact  that  it  is 
readily  saponilied  by  alcoholic  potash.  The  following  method  by  Boughton 
(Technologic  Paper  No.  65,  U.  S.  Bureau  of  Standards),  though  involving  consider- 
>Ue  trark,  is  probably  the  most  accurate  method  for  the  separation  of  polymerized 
oila  and  resins. 

To  about  4  grams  of  vamish  in  a  flask  add  about  25  cc.  of  water  and  boil  until 
the  volume  is  about  10  cc.  This  removes  nearly  all  of  the  volatile.  Add  25  cc. 
half  normal  alcoholic  potash  and  25  cc.  benzol  and  boil  under  a  reflux  condenser 
for  one-half  hour.  Evaporate  the  solution  to  about  15  cc.  and  add  about  10  cc. 
of  alcohol.  Tranefer  completely  to  a  separatory  funnel,  washing  the  flask  with 
inter  and  ether  and  using  a  policeman  if  i^eccssary.  Dilute  with  water  to  about 
100  cc.,  add  100  cc.  of  ether,  and  shake.  Add  a  few  cc.  of  alcohol  if  necessary  to 
make  the  layers  separate.  Draw  off  the  aqueous  layer  and  wash  the  ether  three 
times  with  water  and  transfer  to  a  tared  flask  for  future  use. 

To  the  combined  soap  solution  and  washings,  add  an  excess  of  hydrochloric 
arid  and  extract  twice  with  50  cc.  of  ether.  Discard  the  atiueous  layer,  wash 
tbe  combined  ether  extracts  with  water,  transfer  to  a  flask  and  distill  off  the 
ether.  To  the  dry  residue  add  20  cc,  of  absolute  alcohol  and  20  cr.  of  a  mixture 
of  1  volume  of  sulphuric  acid  and  4  volumes  of  absolute  alcohol  and  boil  for  two 
minutes  under  a  reflux  condenser.    Completely  transfer  the  contents  of  the  flask 
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to  a  sepamtory  funnel,  washing  the  fiaak  with  water  and  ether.  Add  1(X)  ec. 
ether  and  after  agitation  add  100  cc.  of  10  per  cent  sodium  cUoride  Bolution  and 
again  ehalce.  Draw  oft  the  aqueous  layer,  extract  it  with  50  cc.  of  ether,  combine 
the  ether  solutions  and  wash  with  water.  Add  60  cc.  of  a  fifth-nonnal  potassium 
hydroxide  solution  and  10  cc.  of  alcohol,  shake  and  draw  off  the  lower  layer  into 
a  second  funnel.  Wash  the  ether  layer  with  50  cc,  of  water  containing  5  cc.  of 
t^e  potassium  hydroude  solution  and  5  cc.  of  alcohol. 

Extract  the  combined  aqueous  portions  with  two  50  cc.  portions  of  ether  and 
finally  wash  the  combined  ether  solutions  (containing  the  ethyl  estera  of  the  fattv 
acids)  with  water. 

Distill  off  the  ether  and  boil  the  residue  with  25  cc.  of  half-normal  alcoholic 
potash  for  one-half  hour  under  a  reflux  condenser.  Transfer  completely  to  a  sepa- 
ratory  funnel  and  extract  the  soap  four  times  with  ether.  Wash  the  combined 
ether  solution  twice  with  water  and  add  it  to  the  first  ether  solution  of  unsaponi- 
fiable  matter  obtained. 

Unite  the  solution  and  waahingB  containing  the  soaps,  add  an  excess  <^  hydro- 
chloric acid,  and  extract  twice  witJi  ether.  Transfer  to  a  tared  flask  the  combined 
ether  solutions,  after  washing  them  with  water,  distill  oft  the  ether,  dry  the  residue 
to  constant  weight  at  110°  C.  and  weigh  as  "  fatty  acids." 

Report  the  percentage  of  fatty  acids  as  parentage  of  oil  and  calculate  the 
percentage  of  resin  by  difference. 

OTHER  MATERIALS 

For  detailed  methods  other  than  those  given  in  this  work,  for  the  examiaatkiD 
of  shellac,  resins,  bitumens  and  other  raw  materials  of  the  vehicle  portion  of  paints 
and  vamiahes,  the  following  references  may  be  consulted-: 

Proceedint^  of  the  American  Society  for  Testing  Materials  (Committee  D-1), 
1910-15. 

Analysis  of  Paints  and  Varnishes.  Gardner  and  Schaeffer.  McGraw-Hill 
Book  Co.,  New  Yoric. 

Manufacture  of  Varnishes.  Livache  and  Mcintosh.  Vols.  I-III.  Scott, 
Greenwood  &  Son,  London. 

Japan  Driers,  SheUae  and  Shdiae  Vamuhee: 
GriHin  Technical  Methods  of  Analvsis,  McGraw-Hill  Book  Company,  New  York,  N.  Y. 
Report  of  the  Sub-commit  toe  on  Shellac  Analysis,  J.  Amer.  Chem.  Soc.,  29,  1^1  (1007). 

Hexabromuie  Test  for  Liiaeed  Oil: 
Proceedings  of  ihe  A.  S.  T.  M.,  1920,  20,  Part  1,  p.  396. 

Browne  Heal  Test  for  Tung  Oil  (fteiMerf); 
ProceedingB  of  the  A.  S.  T.  M.,  1920,  20,  Part  1,  p.  819. 

TurpeTitine: 
Proceedini^  of  the  A.  S.  T.  M.,  1920,  20,  Part  1,  p.  680. 

Cental: 
Proreedings  of  the  American  Society  for  Testing  Materials  (Committee  D-1),  1910-1620. 
AnalyHiH  of  Paints  and  Varnishes.    Gardner  and  ShaefTer.    McGiaw-HlU  Book  Co.. 

New  York. 
In lerdcpart menial  Commiltce  on  Paint  Specification  Standardization.     Publiahtd  a) 
Circulars  by  the  United  Stales  Bureau  of  Slandanls,  WoBhington,  D.  C. 
Composite  Thinner,  Cireular  No.  102. 
Turpentine,  Circular  No.  SB. 
Liquid  Paint  Drier,  Cirrular  No.  105. 
Spar  Vomish,'  Circular  No.  103, 
Asphalt  Varnish,  Circular  No.  104. 
Volalile  Mineral  Spirils,  Circular  No.  98. 
linseed  Oil,  Circular  No,  82, 
A  reviaion  of  this  circular  is  in  preparation. 
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THE  ANALYSIS   OF    PAINT    PIGMENTS 

The  vehicle  having  been  extracted  froni  the  paint  under  examination,  by  the 
previously  outlined  methods,  the  pigment  is  left  ready  for  analysis.  The  pig- 
ment can  be  readily  classified  under  one  of  the  following  heads  by  its  color,  thus 
thorlening  any  preliminary  examination.  Many  of  the  colors  have  a  white  base 
whkh  necessitates  a  determination  of  both  the  colored  portion  of  the  pigment 
■od  any  white  base  which  may  have  been  used. 

Tbe  genend  analysis  of  colored  pigments  is  carried  out  according  to  the  specific 
netBod  outlined  for  the  individual  colored  pigments,  together  with  the  methods 
for  a  composite  white  paint,  provided  a  qualitative  examination  does  not  directly 
Rveal  the  identity  of  the  pigment. 

The  pigments  used  in  the  manufacture  of  paints  are  clBsaified  as  follows,  in 
certain  instances  the  trade  names  being  given  by  which  the  particular  pigments 
are  known. 

White  Pigments 

Lead  Pigments 
Sublimed  White  Lead — Basic  Sulphate  of  Lead — Basic  Sulphate — \Vbite  Lead. 
Corroded  White  Lead — Basic  Carbonate  of  Lead, 

Old  Dutch  Process  White  Lead. 

Quick  Process  White  Lead. 

Mild  Process  White  Lead. 
Zinc  Lead. 
Leaded  Zine. 

Zinc  Pigments 
Zinc  Oxide— Zinc  White. 
Uthopone— Ponolith— Beckton  White— Charlton  White—Orr'B  White. 

Silica  ngments 
Silica— Silex. 
Asbestine — Talcose. 
China  Clay— Kaolin— Tolamite. 

Calciimi  Pigments 
Whitin^-Paria  White— Chalk— Alba  Whiting— Spanish  White. 
Gypnun — Plaster  of  Paris — Terra  Alba — ^Agalite. 

Barium  Pigments 
Buytea — Barite — Blanc  Fixe — Barium  Sulphate. 
Barium  Carbonate — ^Witherite. 

Red  and  Brown  Pigments 

Red  Lead — Orange  Mineral. 

Vermilion. 

Ochres — ^Tuscui  Red — Indian  Red — Venetian  Red. 

Umbers — ^onas. 


178  PAINT  AND  PAINT  PIGMENTS 

Blue  Pigments 
SuUimed  Blue  Lead. 
Ultramarioe  Blue. 
PruBsian  Blue — Antwerp  Blue— Chinese  Blue. 

Yellow  and  Orange  Pigments 

Chrome  Yellow— Lemon  Yellow — Medium  Chrome  Yellow. 
American  VermiUou — Orange  Chrome — Basic  Lead  Chromate. 
Orange  Mineral. 

Oreen  Pigments 

Chrome  Green. 
Chromium  Oxide. 
Green  Earth. 

Black  Pigments 

Graphite. 

Carbon  Black— Bone  Black— Lamp  Black— Drop  Black— Ivory  Black- 

eral  Black. 
Willow  Charcoal. 
Black  Oxide  of  Iron. 


ANALYSIS  OP  WHITE  PIGMENTS 

SUBLIMED  WHITE  LEAD 

Banc  Sulphate  of  Lead.    Basic  Sulphate— White  Lead 

This  pigment,  embracing  the  daily  analysis  by  the  manufacturers  of  the  product 
of  over  five  months'  time,  shows  the  following  average  composition: 

Lead  sulphate 76.68% 

Lead  oxide 17.23 

Zinc  oxide 6 .  79 

99.70 

The  remaining  .3  of  1  per  cent  consists  of  moisture  and  ash  which  are  rarely 
detenr.ined.     • 

The  analysis  of  this  pigment  based  on  the  following  method,'  which  depends 
upon  the  above  average  composition,  together  with  the  volumetric  determination 
of  the  total  lead  and  zinc  contents,  is  rapid  and  accurate. 

>  Jour,  of  Ind.  and  Eng.  Ctiem.,  9, 3,  200,  March,  I9U. 
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Volumetric  D«termiii£tion  of  Lead  ' 

One  gram  of  the  eample  is  disaolved  in  100  cc.  of  an  acid  ammonium  acetaie 
solution  made  up  as  follows: 

Eighty  per  cent  acetic  acid 125  cc. 

Concentrated  ammonium  hydroxide 95  cc. 

Water 100  cc. 

Add  this  solution  hot,  dilute  with  50  cc.  water  and  boil  until  a  clear  solution  is 
obtained.  Dilute  to  200  cc.  and  titrate  with  standard  ammonium  molybdate 
wlution,  u^ing  a  freshly  prepared  solution  of  tannic  acid  as  an  outside  indicator. 
A  solution  of  ammonium  molybdate  containing  8.67  grams  per  liter  usually 
gives  a  solution  where, 

Onecc. -0.01  gram  Pb. 

Standardise  against  pure  PbO,  pure  PbSOt,  or  clean  lead  foil. 
For  further  details  of  this  method  see  p.  239. 


Volumetric  Detennination  of  Zinc^ 

Boil  1  gram  of  the  sample  with  the  following  solution: 

Water 30  cc. 

Ammonium  chloride 4  grams 

Concentrated  hydrochloric  acid 6  cc. 

If  the  sample  is  not  quite  dissolved,  the  result  is  unaffected,  as  the  residue  is 
Wgulphat«  or  precipitated  lead  chloride. 

Dilute  to  200  cc.  with  hot  water.  Add  2  cc.  of  a  saturated  sodium  hypo- 
wlphite  solution  and  titrate  with  a  standard  solution  of  potassium  ferrocyanide, 
i^iog  a  5%  solution  of  uranium  nitrate  as  an  outside  indicator.  Calculate  the 
me  to  liao  oxide. 

I'ung  the  average  total  of  99.70%,  the  total  lead  found  and  the  zinc  oxide 
content,  the  composition  of  this  pigment  is  determined  by  the  following  calcu- 
Utioa: 
Total  percentage  of  lead  compounds  present 

—total  percentage  found  of  ZnO,  PbO  and  PbSO(— percent^e  of  ZnO, 
Totil  percentage  of  lead  compounds  present 

-99.70%  (average  total)  -percentage  ZnO. 

Atomic  weight  lead 207 . 1 

Molecular  weight  lead  oxide 223 . 1 

Molecular  weight  lead  sulphate 303.1 

As  t  hypothetical  case,  we  can  assume  the  presence  of  a  4.70%  ZnO  and 
G9.00%  metallic  lead. 

'  Hodificatirai  of  Low's  Method,  "  Technical  Methods  uf  Ore  Analysis,"  p.  149. 
'Low's  Method,  "  Technical  Methods  of  Ure  Analysis,"  p.  284. 
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/M.l.wt.PbSO.^     Pb  tand")  -%  Pb  <»,mtituent» 

V  At.wt.Pb / 

Mol.  wtJbSO,  -mol.  wt.  PbO  '"  '^ 

Mol.  wt.  PbO 

/Mol.  wt.  PbOyy  p^  ,^^„j\  _y  pt  e„„,it„eiit8 

V  At.  wt.  Pb  /  _,    T,Lr.,%  ^ 

Mol.  wt.  PbSO, 

Determining  the  percentage  of  lead  oxide  and  lead  sulphate  present  by  the 
above  formulas  we  find : 

(^X69.0o)  -95.00 


-  -  per  cent  PbSO,  -  78.3! 


If  it  is  necessary  actually  to  determine  the  percentage  of  lead  sulphate  present, 
the  following  procedure  may  be  followed: 


Total  Sulphate 

Mix  0.5  gram  uf  the  sample  with  3  grams  of  sodium  carbonate.  Add  30  cc. 
of  water  and  boil  gently  for  ten  minutea.  Allow  to  stand  for  four  hours.  Dilute 
with  hot  water,  filter  and  wash  thoroughly.  All  the  lead  sulphate  is  here  changed 
to  lead  carbonate,  the  sodium  carbonate  being  transposed  to  sodium  sulphate, 
which  is  found  in  the  filtrate. 

The  sulphate  is  determined  in  the  filtrate  by  precipitation  as  BaSOi.  Calcu- 
late the  BaSO<  to  PbSOi.  Determine  the  total  lead  as  above  outlined,  deduct 
the  lead  found  aa  PbSOi  and  calculate  the  residual  lead  to  PbO. 

The  foregoing  method  is  the  one  generally  used  in  the  commercial  estimation 
of  lead  and  yields  excellent  results  to  the  analyst  who  is  familiar  with  it.  How- 
ever, in  laboratories  where  only  occasional  lead  determinations  are  made,  the 
well-known  gravimetric  methods  for  lead  and  zinc  will  sometimes  be  found  prefer- 
able. The  time  required  for  gravimetric  determinations  is  not  much  greater 
and  the  chance  of  error  is  reduced. 

The  method  referred  to  consists  in  weighing  the  lead  as  sulphate'  and  th« 
precipitation  of  the  zinc  from  the  filtrate  with  sodium  carbonate,  igniting  it,  and 
weighing  as  sine  oxide. 

'  As  outlined  under  Basic  Carbonate  of  Lead,  p.  625. 
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CORKODED  WHITE  LEAD 

fiuic  Ctrbouite  of  Lead'— Old  Dutch  ProceBS  White  Lead— Quick  Process 
White  Lead — Mild  Process  White  Lead 
Corroded  white  lead   contains   approximately  80%   metallic  lead  and  20% 
rarbonic  acid  and  combined  water  with  traces  sometimes  of  silver,  antimony  and 
other  metals.    The  formula  for  this  compound  is  2PbC0,-Pb(0H),. 

Total  Lead  (Gravimetric) 

Dissolve  1  gram  in  20  cc.  of  HNOi  (1 : 1)  in  a  covered  beaker,  heating  till  all 
CO)  is  expelled ;  wash  off  cover,  add  20  cc.  of  HiSO  ((1 1 1)  and  evaporate  to  fumes 
of  SO,,  cool,  add  about  150  cc,  of  water  and  150  cc.  of  ethyl  alcohol;  let  stand 
in  cold  water  one  hour,  filter  on  a  Gooch  crucible,  wash  with  95%  ethyl  alcohol, 
iiy  at  1 10°  C,  and  weigh  the  FbSO<.  CalcuUte  to  PbO  or  to  basic  carbonate.' 
iDstead  of  determining  the  lead  as  sulphate,  the  sample  may  be  dissolved  by 
boiling  with  acetic  acid;  then  dilute  to  about  200  cc.  with  water,  make  alkaline 
irith  NH,OH,  then  acid  with  acetic  acid,  heat  to  boiling  and  add  10  to  15  cc. 
of  a  10%  solutioii  of  potassium  dichromate;  heat  till  the  yellow  precipitate 
asaunies  an  orange  color.  Let  settle  and  filter  on  a  Gooch  crucible,  washing  by 
dec&ntation  with  hot  water  till  the  washings  are  colorless,  finally  tran^erring 
^  of  the  precipitate.  Then  wash  with  95%  ethyl  alcohol  and  then  ether;  dry 
UUO"  C.  and  weigh  PbCrO*.  (Any  insoluble  matter  should  be  filtered  out  before 
prwipitating  the  lead.) 

Total  Lead  (Volumetric) 

Dissolve  0.5  gram  of  sample  in  10  cc.  of  concentrated  hydrochloric  acid,  boil 
till  solution  is  effected,  cool,  dilute  to  40  cc.  and  neutralize  with  ammonium 
bydroxide.  Add  acetic  acid  until  distinctly  acid,  dilute  to  200  cc,  with  hot  water, 
Ml  and  titrate  with  ammonium  molybdate  as  follows : 

DIseolve  4.25  gram  of  pmmonium  molybdate  in  water  and  make  up  to  one 
li'iCT.  To  standardize  this  solution,  dissolve  about  0.2  gram  of  pure  lead  foil  in 
nitric  acid  (pure  PbO  or  PbSOt  may  also  be  used),  evaparat«  nearly  to  dryness, 
add  30  cc.  of  water,  then  5  cc.  HgSOt  (  sp.gr.  1.84),  cool,  and  filter. 

Drop  filter  with  PbSO,  into  a  flask,  add  10  cc.  concentrated  HCI,  boil  till 
completely  disintegrated,  add  15  cc.  of  HCI,  25  cc.  of  water,  and  NH.OH  till 
allaline.  Acidify  with  acetic  acid,  dilute  to  200  cc.  with  hot  water  and  boil. 
Titrate,  using  an  outside  indicator  of  one  part  of  tannic  acid  in  300  parts  of  water. 

It  should  be  noted  that  when  calcium  is  present,  it  forms  a  more  or  less 
insoluble  molybdate,  and  results  are  apt  to  be  high.  With  samples  containing 
l«»  than  10%  of  lead,  the  lead  should  be  precipitated  as  PbSO<,  filtered,  redis- 
■olred  and  titrated  as  in  the  process  of  standardizing. 

Carbon  Dioxide 
Determine  by  evolution  with  dilute  hydrochloric  acid  absorbing  in  soda-lime 
w  KOH  solution.    Calculate  CO.  to  PbCO,,  subtract  PbO  equivalent  from 
toUl  PbO  and  calculate  residual  PbO  to  Pb(OH),. 

'Tentative  Methods  for  the  Routine  Analysis  of  While  Pigments.  Report  of 
' — '  '  nD-1.  American  Society  for  Testing  Materials,  1915. 

nethoa  ot  weighing  lead  sulphate  is  not  accurate  in  the  presence  of  calcium 
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Acetic  Add  > 

FWe  18  gnma  of  the  pigment  in  a  500-cc.  Qaak,  add  40  cc.  of  sirupy  phos- 
phoric acid,  18  grams  of  zinc  dust  and  SO  cc.  of  water.  Connect  to  a  straight 
Liebig  condenser,  apply  heat  and  distill  down  to  a  small  bulk.  Then  pass  steam 
<nto  the  flaek  until  it  becomes  about  half  full  of  condensed  water,  shut  off  the 
steam  and  distill  down  to  &  small  bulk— ^this  operation-  being  conducted  twice. 
To  the  total  distillate  which  was  collected  in  a  larger  flask  add  1  cc.  of  sinipf 
phosphoric  acid,  connect  to  a  Liebig  condenser,  using  a  sprsy  trap,  and  distill 
to  s  small  volume— about  20  cc.  Pass  steam  through  till  about  200  cc.  of  water 
condense  in  the  distillation  flask,  shut  off  steam  and  continue  the  distiUatioo. 
These  operatbna  of  direct  and  steam  distillations  are  conducted  until  10  cc.  of 
the  distillate  require  only  1  drop  of  0.1  N  alkali  to  give  a  change  in  the  presence  trf 
of  i^enolphthalein.  Then  titrate  the  total  distillate  with  0. 1  K  sodium  hydroiide 
and  phenolphthalein  and  calculate  the  total  acidity  as  acetic  acid.  It  will  be 
found  convenient  to  titrate  each  200-cc.  portion  of  the  distillate  as  collected. 

Metallic  Lead* 

Weigh  50  grams  of  the  sample  into  a  40O-cc.  beaker,  odd  a  little  water  and  add 
slowly  60  cc.  of  40%  acetic  acid  and  after  eiTerveacence  has  ceased,  boil  on  hot 
plate.  Fill  the  beaker  with  water,  let  settle,  and  decant  the  clear  soluUon. 
To  the  residue  add  100  cc.  of  a  mixture  of  360  cc.  of  strong  NH,OH,  1080  cc.  of 
water,  2160  cc.  of  80%  acetic  acid,  and  boil  until  all  solution  is  complete.  HI 
the  beaker  with  water,  let  settle  and  decant  the  clear  solution.  Collect  readue 
on  a  watch-glass,  floating  off  everything  but  metallic  lead.  Dry  and  weigh 
Result  X2  "  percentage  of  metallic  lead  in  sample. 

The  following  method  of  A.  N.  Finn  (unpublished)  gives  total  basicity  of  a 
pure  white  lead:  Phice  2  grams  of  pigment  in  an  evolution  flask,  add  a  little  COr 
free  water,  connect  with  a  separatory  funnel  and  condenser  (Knorr  type),  add 
through  the  funnel,  fmally  washing  down,  100  cc.  of  N/4  nitric  acid,  boil  and 
absorb  the  COi  in  a  soda  lime  tube  in  the  usual  manner  (having  HiSOi  and  CsCli 
drying  tubes  in  train)  and  weigh.  To  the  solution  in  the  evolution  flask,  add 
about  20  cc.  of  neutral  sodium  sulphate  solution  and  titrate  with  N/4  sodium 
hydroxide  solution  (carbonate-free),  using  phenolphthalein.  COi  is  calculated  (o 
FbCOi.  The  amount  of  N/4  acid  corresponding  to  the  COi  is  calculated  and 
deducted  from  the  total  amount  of  N/4  acid  neutralized  by  the  sample  and  the 
difference  calculated  to  combined  HjO,  from  which  Pb{OH),  is  computed. 


ZmC  LEAD  AKD  LEADED  ZINC 

Zinc  lead  and  leaded  zinc  are  varying  compounds  cont^ning  sine  oxkie 
and  lead  sulphate,  the  former  showing  approximately  50%  zinc  oxide  and  50% 
lead  sulphate,  while  the  latter  contains  on  an  average  25%  lead  sulphate  tad 
75%  zinc  oxide.    See  also  pp.  277,  600,  Vol.  I. 

These  pigments  may  be  analyzed  by  the  following  procedure: 

Hoisture.    Heat  2  grams  at  105°  C.  for  two  boure. 

>  ThtHnpson'fl  Method,  Jour.  Soc.  Chem.  Ind.,  84,  487  1905. 
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Lead  and  Zinc.  Determine  the  lead  directly  by  the  volumetric  molybdate 
method  and  the  sine  by  the  volumetric  ferrocyanide  method  as  outlined  under 
Sublimed  White  Lead.    See  also  pages  277  and  600,  Vol.  I. 

Total  Soluble  Sulphates'  (in  the  absence  of  BaSO,].  Treat  0.5  gram  of 
the  sample  with  6  cc.  of  water,  3  grams  of  NH,CI  and  5  cc.  of  HCI  eatiirated 
with  brmnine;  digest  (covered)  on  the  steam  bath  about  fifteen  minut«s,  add  25 
«.  of  HtO,  neutralize  with  dry  Na,COi  and  add  about  2  grams  more.  Boil 
ten  to  fifteen  minutes;  let  settle,  dilute  vi-ith  hot  water,  filter  and  wash  with 
hot  water;  rediesolve  in  HCI,  roprecipitate  as  above  and  wash  thoroughly  with 
hot  water.  Acidify  the  united  filtrates  with  HCI  and  add  a  slight  excess  of 
10%  BaCli  solution.  Let  stand  on  steam  bath  for  one  hour,  filt«r,  waah  with 
hot  water,  ignite  and  weigh  the  BaSOi.  Calculate  to  S0|  (includes  SOi  formed 
fnjmSO,). 

Total  Soluble  Sulphate  (in  the  presence  of  BaSO*).  Treat  1  gram  in  a 
600-cc.  beaker  with  10  cc,  of  HiO,  10  cc,  of  strong  HCI,  saturated  with  bromine, 
indSgramsof  NHiCI,  heat  onaeteam  batG^in  a  covered  beaker  for  five  minutes, 
idd  hot  water  to  make  about  400  cc,  boil  for  five  minutes  and  filter  to  separate 
uy  insoluble  material.  (A  pure  pigment  should  be  completely  dissolved.)  Wash 
with  hot  water,  ignite  and  wei^  the  insoluble.  Remove  lead  with  NaiCO)  as 
ibove,  making  a  double  precipitation,  acidify,  and  to  the  boiling  hot  filtrate  add 
tlowly,  with  stirring,  20  cc.  of  a  10%  BaCU  solution;  let  stand  for  two  hours  on 
the  steam  bath,  filter,  wash,  ignite,  and  weigh  as  BaSO,.  (Inctu<les  S0|  formed 
(romSOt.) 

Soluble  Zinc  Sulphate.  Boil  2  grams  of  the  sample  with  150  cc.  of  water 
And  50  cc.  of  alcohol  for  thirty  minutes,  filter  and  wash  with  a  mixture  of  alcohol 
and  water  (1:3).  Heat  the  filtrate  to  boiling  and  expel  most  of  the  alcohol;  then 
determine  S0»  by  the  usual  method  of  precipitation  with  BaClj.  Calculate  to 
ZnSOtandtoSOi. 

Sulphur  Dioxide.  Digest  2  grams  of  the  sample  with  frequent  stirring  in 
100  cc.  of  freshly  boiled  cold  water  and  5  cc.  of  concentrated  HCI;  let  stand  ten  to 
fifteen  minutes,  add  an  excess  of  0.01  normal  iodine  solution  and  titrate  back  with 
0.01  normal  sodium  thiosulphate  solution,  using  starch  indicator.  Report  as 
SO],     Run  blank  on  reagents  and  make  corrections. 

Calculations.  Report  soluble  SOi  as  ZnSOt.  Deduct  ZnO  equivalent  of  the 
ZnSOt  from  total  ZnO  and  report  residue  as  ZnO.  Deduct  soluble  SOi  and  SO) 
equivalent  to  Sd  from  total  SOi,  calculate  remainder  to  PbSO,;  subtract  PbO 
equtvnient  of  PbSO,  from  total  PbO  and  report  remainder  as  PbO. 

ZmC  OXIDE  ^ 

Moisture.  Weigh  10  grams  on  watch-^loss  and  dry  for  two  hours  at  105  to 
1 10°  C.    Cool  and  weigh. 

Carbon  Dioxide.  Place  10  grams  in  a  4-ounce  Erienmeyer  fiask,  moisten  with 
water,  add  solution  of  KMnOt  to  oxidize  SOt,  insert  a  two-hole  rubber  stopper, 
with  ao  acid  delivery  tube  and  connect  to  a  carbon  dioxide  apparatus.  This 
appontus  consists  of  a  tube  containing  KOH  solution,  preceding  the  flask  with 

■Report  of  Sub-committee  VIII  of  Committee  D-1,  Proceedings  of  American 
Soeie;^  for  Testing  Materials,  14,  271-2,  1914. 

*  Frank  G.  Breyer,  Chief,  Testing  Department,  The  New  Jersey  Zinc  Co. 
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sample,  to  nbsorb  any  COi  from  the  air  drawn  in.  The  flask  is  followed  by  a  tabe 
with  concentrated  H^0(  to  absorb  moisture,  a  calcium  chloride  tube,  uid  next 
IB  a  weighed  Geissler '  bulb  with  KOH  solution,  to  abeorh  the  COt  from  the  sample; 
this  is  followed  by  another  calcium  chloride  tube  which  is  connected  to  a  suction 
line.  The  acid  delivery  tube  contains  25  cc.  HiSOi  (1  :  1)  and  before  opening 
the  stopcock  the  suction  is  applied  to  insure  that  the  connections  are  alt  sir- 
tight;  if  there  is  no  leak  the  acid  is  allowed  to  flow  into  the  flask  and  the  suctirai 
regulated  bo  that  the  bubbles  in  the  Geissler  bulb  may  easily  be  counted.  The 
flask  is  heated  cautiously  to  boiling  for  a  minute  or  two,  the  flame  removed  and 
the  suction  allowed  to  proceed  from  thirty  to  forty  minutes.  The  Geissler  '  bulb 
is  then  disconnected,  placed  in  the  balance  for  fifteen  minutes  tt^ther  with  ttx 
end  calcium  chloride  tube  and  then  weighed.  The  KOH  solution  used  for 
absorption  is  of  the  same  strength  as  for  carbon  in  steel. 

InsoluUfl.  Treat  10  grams  in  a  250-cc.  beaker  with  50  cc.  concentrated  HCl, 
evaporate  to  dryness,  take  up  residue  with  HCl  and  water,  filter  and  wash 
thoroughly  with  HCl  (1  :  4)  and  hot  water.  Ignite  filter  paper  and  contents 
in  a  weighed  platinum  crucible. 

Sulphuric  Anl^dride;  Total  S  as  SOs'  Treat  10  grams  with  50  cc.  strong 
HOI  and  a  few  cc.  of  bromine  water;  boil  to  expel  bromine,  filter  from  insoluble, 
wash  with  hot  water.  Neutralize  the  excess  of  HCl  with  ammonia,  keeping  the 
solution  slightly  acid,  heat  to  boiling  and  add  about  15  cc.  of  hot  BaCli.  Let 
stand  overnight,  filter  on  a  weighed  Gooch  crucible,  wash  well  with  hot  water, 
ignite  in  a  muffle,  cool  and  weigh  as  BaSO*. 

Lead  Osde 

Gravimetric  Method.  Treat  10  grams  with  50  cc.  strong  HCl  and  50  cc. 
H^04(l  :  1), evaporate  on  ahot  plate, andfinally  over  aBunsen  burner  to  strong 
fumes  of  SOj. 

Cool,  and  add  100  cc.  water,  heat  again  to  dissolve  the  soluble  sulphates,  cool, 
add  25  cc.  95%  alcohol,  let  stand  overnight,  filter  on  a  Gooch  crucible  and  wash 
with  dilute  HjSOt,  and  finally  with  alcohol.  Dry  at  1 10"  C,  ignite  for  five  to  ten 
minutes,  cool  and  weigh.  Dissolve  the  PbSOi  in  the  Gooch  crucible  with  a  hot 
solution  of  ammonium  acetate,  slightly  acidify  with  acetic  acid,  wnsh  with  hot 
water,  dry  at  110°  C,  ignite  and  weigh  again.  The  loss  in  weight  is  PbSOt,  from 
which  the  PbO  is  calculated. 

Electrolytic  Method.  9.330  grama  of  the  sample  are  dissolved  in  a  25l>cc. 
beaker  with  40  cc.  concentrated  HNO.  and  about  50  cc.  of  distilled  water.  The 
solution  is  boiled  for  a  few  minutes  until  all  red  fumes  are  expelled.  Add  enou^ 
silver  nitrate  solution  to  precipitete  all  chlorides  (an  excess  of  silver  nitrate  does 
not  interfere)  and  dilute  to  about  200  cc. 

Electrolyse  for  two  hours,  using  about  .5  ampere  current.  The  solutions  aie 
tested  for  lead  before  turning  oiT  the  current  by  raising  the  liquid  in -the  beaker, 
and  allowing  to  continue  for  twenty  minutes.  If  there  is  no  fresh  deposit  of  PbOt, 
the  electrode  is  washed  three  times  with  distilled  water  [current  still  on)  and  then 
aft«r  removal  from  the  electrolytic  stand,  with  alcohol.  After  drying  one  hour 
at  110°  C.  the  electrode  is  weighed.  The  weight  of  PbOi  in  milUgrams  divided 
by  100  gives  the  percentage  of  PbO. 

'  See  Procedure  for  COidetermination  in  the  chapter  on  Carbon,  p.  103. 
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I.  Treat  10  grams  of  sample  with  50  cc.  stroag  HNOi,  add  10  cc. 
N/10  AgNOi,  Doil,  cool,  add  10  cc.  ferric  nitrate  (1  :  3),  and  titrate  the  eitceai 
elAgfiO,  with  NH,CNS  (9  grams  per  liter  of  solution).  A  blank  determmatioti 
i>  conducted  in  a  similar  manner  and  from  the  amount  of  N/10  AgNOi  required 
the  chlorine  ia  calculated. 

Ferric  Oxide.  Treat  10  grams  with  50  cc.  strong  HCl,  add  about  1  gram 
KCIOi,  and  boil  down  to  a  syrupy  consistency.  Cool,  add  water  and  a  large 
eicess  of  ammonia.  Allow  to  stand  until  the  ferric  oxide  separata^,  and  filter; 
nsh  with  dilute  ammonia  water  and  then  with  hot  water.  Dissolve  the  pre- 
cipitate of  ferric  oxide  in  an  Erlenmeyer  flask  with  warm  dilute  H£0«.  Wash 
the  filter  paper  thoroughly  with  hot  water,  dilute  the  solution  in  the  Erlenmeyer 
Aiak  to  about  200  cc.  and  pass  in  hydrogen  sulphide  for  five  minutes.  Place  a 
fuonel  in  the  neck  of  the  flask  and  boil  until  all  HgS  ia  expelled.  Cool  and  titrate 
with  dilute  KMnO,.  A  blank  determination  is  carried  out  in  a  similar  manner 
ind  the  number  of  cc,  of  KMnO*  required  to  give  a  pink  color  is  subtracted  from 
the  total  number  required  on  the  sample. 

Hanganesa  Oxide.  Treat  a  10-gram  sample  in  a  16-oz.  Erlenmeyer  flask 
with  100  cc.  of  HNOi  (1:3),  heat  to  boiling  and  add  a  pinch  of  sodium  bismuthatc, 
•hen  the  pink  color  of  permanganic  acid  is  produced;  now  add  a  few  cc.  of  dilute 
Xtt^^i  solution  to  destroy  the  pink  color,  and  continue  boiling  to  drive  off  all 
nitrous  oxide  fumes.  Cool  thoroughly  and  add  50  cc.  of  a  3%  solution  of  HNO„ 
and  a  very  small  pinch  of  sodium  bismuthate  to  restore  the  pink  color  again. 
Filter  the  solution  through  a  Gooch  crucible  to  remove  the  excess  of  sodium 
biamuthate,  rinsing  the  flask  and  Gooch  with  50  cc,  of  3%  HNOj  solution  to 
wbich  a  small  amount  of  sodium  bismuthate  has  been  added.  Now  add  10  cc, 
oiunnionium  ferrous  sulphate  solution,  and  titrate  the  excess  of  ammonium  ferrous 
sulphate  with  standard  KMnOi  whose  iron  value  baa  been  determined.  One  gram 
of  KMnOt  per  liter  ia  a  convenient  strength;  and  12.4  grams  of  ammonium  fer- 
roiu  sulphate,  and  50  cc.  strong  HiSOi  to  the  liter  give)<  a  solution  which  is  almost 
equal  to  the  permanganate  solution,  A  blank  determination  is  carried  out  in 
nsctly  the  same  manner  as  with  the  sample  of  oxide,  and  the  difference  in  the 
number  of  cc.  of  KMnOi  required  to  give  a  pink  color  with  the  blank  deter- 
mination and  the  sankple  of  oxide  is  equal  to  the  amount  of  MnO  present.  The 
manganese  value  of  the  KMnOi  is  calculated  from  the  iron  value,  according  to 
the  ratio  of  Mn  ;  Fe,  or  55  :  279.5  or  0.1968  :  1, 

Anenoua  Oxide.  Weigh  10  grams  of  oxide  in  a  16-ounce  Erlenmeyer  flask, 
add  about  10  grams  of  Fe80i,  place  a  rubber  stopper  with  an  acid  delivery  tube 
ud  an  exit  tube,  which  is  immersed  in  a  beaker  containing  about  200  cr.  dis- 
tilled water.  The  beaker  of  water  is  placed  in  a  pan  of  cold  water,  the  pan 
ba\-ing  an  inlet  and  overflow.  Now  add  100  cc.  strong  HCl  from  the  delivery 
tube,  and  heat  the  flask  to  boiling  so  as  to  distill  the  arsenic  into  the  beaker  of 
water.  Continue  boiling  until  about  two-thirds  of  the  acid  has  been  distflled, 
rwnove  from  the  flame,  rinse  the  delivery  tube,  add  10  cc.  strong  HCl  to  the 
solution  in  the  beaker,  warm  and  pass  in  HiS  to  precipitate  the  arsenic,  as  AstSj. 
Let  stand  in  a  warm  place  for  some  time  and  filter  in  a  Gooch  crucible,  wash 
the  precipitate  of  AbSi  with  alcohol  and  then  with  carbon  bisulphide  and  several 
times  with  dilute  alcohol.  Dry  at  105°  C  for  one  hour  and  weigh.  Dissolve 
the  AsiSi,  in  the  Gooch  crucible  with  dilute  anunonia  water,  wash  well  with  hot 
water,  and  dry  at  105"  C.  and  reweigh.  The  kiss  in  wcicht  is  AspS,,  from  which 
the  AsiOi  may  be  calculated.    See  procedure  for  arsenic  distillation,  p.  37. 
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SOt  Equivatent.  Treat  10  grams  in  a.  250-cc.  beaker  with  25  cc.  cold  water,  - 
25  cc.  hot  water,  add  some  starch  solution  and  titrate  with  N/tO  iodine  solution, 
gradually  adding  25  cc.  HCl  until  a  permanent  blue  color  appears. 

Zinc  Oxide.  The  percentage  of  ZnO  is  found  by  adding  together  all  the 
percentages  of  unpurities,  except  the  SOi  equivalent,  and  subtracting  this  sum 
from  100. 

LITHOPONE 

Ponolith— BecWon  White— Charlton  White,  etc 

This  pigment  is  a  chemically  precipitated  pigment  containing  approximatdy 
from  69  to  70  per  cent  barium  sulphate,  the  remainder  consisting  of  zinc  sul- 
phide, with  occasional  impurities  of  zinc  oxide  and  carbonate. 

Moisture.      Heat  2  grams  for  two  hours  at  105°  C. 

Barium  Sulphate.  Treat  1  gram  with  10  cc.  cone.  HCl  and  I  gram 
of  potassium  chlorate,  added  in  Bmall  amounts.  Evaporate  to  one-half  its 
volume,  add  100  cc.  hot  water  and  a  few  cc.  of  dilute  H^O*.  Boil,  filter,  wash 
and  weigh  the  insoluble  residue,  which  should  show  only  the  presence  of  barium 
sulphate.     Examine  the  residue  for  silica  and  alumina. 

Total  Zinc.  Determine  the  total  zinc  in  the  filtrate  by  the  volumetric 
method  as  outlined  under  Sublimed  White  Lead. 

Zinc  Sulphide.  Digest  1  gram  at  room  temperature  for  one-half  hour  with 
100  cc.  of  1%  acetic  acid.  Filter  and  determine  the  zinc  in  the  precipitate  by 
solution  in  HCl  as  under  Sublimed  White  Lead. 

Zinc  Buluble  in  acetic  acid  is  reported  as  zinc  oxide,  zinc  insoluble  as"  zinc 
sulphide.  The  filtrate  fnim  the  acetic  acid  treatment,  after  precipitating  the  zinc 
as  zinc  sulphide  and  subsequent  removal,  should  be  examined  for  barium  which 
might  be  present  as  carbonate,  and  calcium,  present  as  either  sulphate  or  car- 
bonate. The  zinc  sulphide  may  also  be  determined  by  the  method  as  outlined 
under  Tentative  Methods  for  Analysis  of  Pigments  by  Committee  D-I '  as 
follows: 

Zlac  Sulphide.'  Place  0.5  gram  of  the  pigment  in  an  evolution  flask*  with 
about  10  grams  of  "  feathered  "  or  mossy  zinc,  add  50  cc,  of  water;  insert  the 
stopper  carrying  a  separatory  funnel  and  an  exit  tube.  Run  in  50  cc.  of  con- 
centrated HCi  from  the  funnel,  having  previously  connected  the  exit  tube  to  two 
absorption  flasks,  in  series;  tirst  flask  contains  100  cc.  of  alkaline  lead  nitrate 
solution,  second  fiask,  60  cc.  of  same  as  a  safety  device.  After  all  of  the  acid 
has  run  into  the  evolution  flask,  heat  slowly,  finally  boiling  until  the  first  appear- 
ance of  steam  in  the  first  abs<3rptton  flask.  Disconnect,  let  the  lead  sulphide 
settle,  filter,  wash  with  cold  water,  then  with  hot  water  till  neutral  to  litmus 
paper  and  washings  give  no  test  for  lead.  The  PbS  precipitate  in  dissolved  in 
hot,  dilute  HNOi,  evaporated  to  fumes  with  HiSO*  and  finally  weighed  as  PbSO(. 
Calculate  PbS  or  PbSO,  to  ZnS. 

The  alkaline  lead  solution  is  made  as  follows:  Into  100  cc.  of  KOH  solution 
(56  grams  in  140  cc.  of  HjO)  pour  a  saturated  solution  of  lead  nitrate  (250  grams 
in  500  cc.  of  H,0)  until  the  precipitate  ceases  to  redissolve,  stirring  constantly 

'  American  Society  for  TestinR  Materials,  1915. 

>  Evolution  Method  of  W.  G.  Scott,  "  White  Piiinta  and  Painting  Material," 
I).  257;  see  also  p.  398,  chapter  on  Sulphur  by  W.  W.  Scott. 

'  See  Apparatus  on  p.  399. 
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*iiile  mixing.     About  three  volumes  of  the  lead  solution  will  be  required  for  one 

cftbe&lkali. 
Instead  of  absorbing  the  evolved  H|S  in  alkaline  lead-nitrate  solution,  a 
!  nlotioD  of  8  grama  of  cadmium  chloride  in  250  cc.  of  water  and  150  cc.  of  NH(OH 

itp-p.  0.90)  may  be  used.     The  CdS  precipitate  may  be  filtered  on  a  weighed 

Gooch,  washed  with  water  containing  a  little  NH^OH,  dried  at  100°  C,  and 
nigfaed.  Calculate  to  ZvS.  It  is  better  to  filter  the  CdS  on  a  small  filter  and 
wash  as  above,  then  place  filter  and  precipitate  in  a  beaker  and  dissolve  in  HCl 
»Dd  KCIOi  (keeping  at  room  temperature  at  first).  Filter  out  any-paper  pulp 
or  Insoluble  matter,  make  filtrate  alkaline  with  NH,OH,  then  just  acid  with 
HG,  heat  to  boiling  and  precipitate  with  BaClt  in  the  usual  manner.  Filter, 
wash,  ignite,  and  weigh  the  BaSO,.     Calculate  to  ZnS. 

For  very  rapid  work  the  contents  of  the  absorption  flask,  after  all  HjS  has 
been  absorbed,  may  be  washed  into  a  vessel  with  cold  water  and  diluted  to  about 
1  titer,  acidified  with  concentrated  HCl  and  titrated  with  standard  iodine  solu- 
tion, using  starch  indicator.  (The  precipitate  should  be  completely  dissolved.) 
The  iodine  solution  is  prepared  by  dissolving  about  12.7  grams  of  pure  resublimed 
iodine  and  18  grams  of  KI  in  a  tittle  water  and  then  diluting  to  1  liter. 

Soluble  Sslts.  Digest  2  grams  with  hot  wat«r  and  examine  the  filtrate  for 
wtable  salts. 

SnJCA  OR  SUEX— CHINA  CLAY— ASBESTINE 

These  pi^nents,  while  all  true  silica  pigments,  are  widely  difierent  from  the 
aUndpoint  of  physical  structure.  A  microscopic  examination  is  of  great  value, 
iltowing  silica  or  silex  to  consist  of  small,  sharp  particles,  china  clay  to  be  tabloid 
ID  appearance  and  asbestine  to  consist  of  long,  rod-like  fibrous  particles. 

The  following  procedure  taken  from  the  outlined  method  published  by  Sub- 
Cnomittee  VIII  of  Committee  D-I'  will  well  serve  for  the  analysis  of  these 
Fipnents. 

HotstuTfl.    Heat  2  grams  at  105°  for  two  hours. 

Loss  on  Ignition.    Ignite  1  gram  to  constant  weight  in  a  platinum  crucible. 

losolable  Matter.  Boil  2  grams  fur  thirty  minutes  with  50  cc.  HCl  (1  :  1), 
add  50  cc.  of  water,  wash,  ignite,  and  weigh  insoluble  residue. 

In  the  case  of  China  clay,  or  asbestine,  a  sodium  carbonate  fusion  should  be 
resorted  to,  with  the  subsequent  dehydration  of  the  silica. 

The  insoluble  residue  in  either  case  is  volatilized  with  HtSO,  and  HF  in  the 
nual  manner,  any  loss  in  weight  being  considered  silica.  Any  residue  is  fused 
rith  sodium  carbonate,  the  fusion  being  added  to  the  original  filtrate.  Should 
taSOt  be  present,  the  melt  is  digested  with  warm  water,  the  BaCOi  filtered  off, 
rashed,  dissolved  in  hot  dilute  HCl  and  precipitated  and  determined  as  BaSO*. 

The  filtrates,  combined  from  the  preceding  filtrations,  are  examined  for 
lumina,  iron,  manganese,  calcium  and  kuagnesium  in  the  usual  way. 

Should  it  be  necessary  to  determine  the  alkalies  present,  a  separate  sample 
:  treated  according  to  the  method  of  Mr.  J.  Lawrence  Smith  as  in  Bulletin  No. 
2,  U.  8.  Geolf^cal  Survey.    See  page  416,  Vol.  I. 

Carbon  IMo^de.  Determine  by  evolution  with  HCl,  weighing  in  soda- 
ne,  KOH  solution,  or  by  absorbing  in  Ba(OH)t  solution  and  titrating  or  weigh- 
gasBaCO..    See  p.  121,  Vol.  I. 

'  ProceedingB  of  American  Society  for  Testing  Materials,  14,  270,  1914. 
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Any  excess  of  calcium  is  reported  as  oxide.  The  m^^neaium  is  calculated  u 
MgO,  unleea  the  carbon  dioxide  is  in  excess  of  the  amount  of  calcium  [rcmiiI, 
in  which  case  it  is  reported  as  MgCOi,  and  the  remainder  as  MgO. 

WHITING— PAKIS  WHITE 
Gypsum — Plaster  of  Paris 

These  pigments  arc  of  the  following  composition : 

Whitiiig.     The  natural  form  of  calcium  carbonate. 

Paris  White.     The  artificial  form  of  calcium  carbonate. 

Gypsum.    The  hydrated  form  of  calcium  sulphate,  of  formula  CaS0f2H/). 

These  pigments  are  analysed  in  the  following  manner: 

Moisture.     Heat  2  grams  at  106°  C,  for  two  bouts. 

Loss  <m  Ignition.  Ignite  1  gram  at  a  high  heat  to  constant  weight.  The 
loss  will  be  water,  if  carbonates  are  absent. 

Calcium.  Treat  1  gram  with  dilute  HCl  and  a  few  drops  of  HNOi- 
Evaporate  to  drj'ness,  dehydrate,  moisten  with  a  few  drops  of  concentrated 
HCl,  dilute  with  hot  water  and  determine  the  insoluble  residue.  Examine 
for  BoSOt.     The  rcaidue  should  consist  of  silica. 

In  the  filtrate,  precipitate  and  determine  the  iron  hydroxide  and  alumiouiD 
hydroxide  in  the  usual  manner.  The  calcium  is  precipitated  in  the  boiling  am- 
moniacal  filtrate  with  30  cc.  of  saturated  ammonium  oxalate  solution,  allowing 
the  solution  to  boil  for  one-half  hour.  A  double  precipitation  is  here  advisable 
to  remove  the  last  traces  of  magnesium.  The  calcium  oxalate  is  filtered  off, 
thoroughly  washed  and  determined  volumetrically  by  the  permanganate  method, 
p.  92. 

Magnesium.  Determine  in  the  filtrates  after  removal  of  the  calcium  by 
precipitation  as  m^ncsium  ammonium  phosphate  and  iguition  to  magnesium 
pyrophosphate  in  the  usual  manner,  p,  293,  Vol.  I. 

Carbon  Dioxide.     Determine  as  outlined  under  Silica. 

Sulphates.  Dissolve  I  gram  in  concentrated  HCl,  remove  any  insoluble 
residue,  heat  to  boiling  and  precipitate  any  sulphate  as  BaSOi,  determining  in  the 
usual  manner.     Seep.  497,  Vol.  I. 

BARYTES  AND  BLANC  FIXE 

Of  these  two  barium  pigments  used  in  the  manufacture  of  jiaints,  barytes 
is  the  natural  barium  sulphate,  while  blanc  fixe  is  precipitated  barium  sulphate. 
Their  barium  sulphate  content  should  be  not  less  than  95%. 

The  following  method  may  be  used  for  the  analysis  of  these  pigments: 

Moisture.    Heat  2  grams  at  105°  C.  for  two  hours. 

Loss  on  Ignition.  Ignite  I  gram  to  constant  weight.  The  loss  will  be 
reported  as  loi^s  on  ignition,  and  will  consist  of  free  and  uncombined  water,  carbon 
dioxide  and  orgimic  matter. 

Barium  Sulphate.  Boil  1  gram  with  dilute  HCl,  evaporate  to  dryness, 
moisten  with  HCl,  add  water,  boil,  filter  and  wash.  Should  lead  be  present 
in  the  insoluble  residue,  as  shown  by  the  potion  of  HiS,  treat  the  insoluble  residue 
with  a  little  (1  :  I)  HCl  and  several  drops  of  H»SO«.  Fitter,  wash  and  weigh 
the  residue.     Treat  the  ignited  residue  with  H,SO(  and  HF,  evaporate  to  dryness 
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indigmte.  The  residue  should  show  no  loss  as  silica.  The  filtrate  ia  eicamiDed 
(Htlumiiia,  iron,  calcium  and  maj^esium  in  the  usual  manner. 

Soluble  Sulphates.  Treat  1  gram  with  20  cc.  cone.  HCl,  dilute  to  200  cc. 
with  hot  water,  boil,  filter,  wash,  add  NH,OH  until  neutral,  make  acid  with 
HCl  and  precipit&te  any  sulphate  as  BaSO..  Determine  in  the  usual  manner. 
C&Iculate  to  CaSOt.  If  carbonates  are  present,  calculate  the  remaming  CaO  to 
CaCOi.    Any  excess  of  oxide  is  reported  as  CaO. 

Carbon  Dioxide.  Determine  as  outlined  under  silica.  If  any  barium  car- 
bonate is  preseat,  it  is  determined  in  the  filtrate  from  the  preliminary  HCl 
treatment,  by  precipitation  and  weighing,  as  BaSO«.  Any  excess  of  carboti 
<li(mde  over  the  barium  is  reported  as  calcium  carbonate. 

ANALYSIS  OF  A  COMPOSITE  WHITE  PAINT 

A  white  point  may  consist  of  a  mixture  of  any  of  the  preceding  pigments, 
excepting  that  it  is  understood  that  lead  pigments  and  lithopone  are  seldom 
found  together,  owing  to  their  tendency  to  blacken  with  the  formation  of  lead 
sulphide. 

After  separation  from  the  oil  and  other  liquids  aa  outlined  above,  the  white 
. '    pigment  mixture  may  be  rapidly  analysed  by  the  following  method.    It  is,  however, 
often  advisable  to  resort  to  a  qualitative  examination  before  beginning  the  quan- 
titative analysts. 

Insoluble  Residue.  Boil  1  gram  of  the  sample  with  20  cc.  (I  :  1)  HCl. 
Grapotate  to  dryness,  moisten  the  residue  with  a  few  cc.  of  concentrated  HCl, 
lUow  to  stand  a  few  minutes,  dilute  with  hot  water,  boil,  filter  and  wash  the 
iiaoluble  residue  thoroughly  with  hot  water.  Treat  the  insoluble  reKidue  with 
(1 : 1)  HCl  and  2  cc.  HiSOi  to  remove  the  last  traces  of  lead.  Filter,  wash  and 
weigh  the  insoluble  residue.  Determine  the  silica  by  volatilization  with  HiSOi 
aod  HF.  Any  loss  is  reported  as  silica.  Determine  the  BaSO,  in  the  residue 
by  boiling  with  dilute  HCl  or  making  a  potassium  bisiilphate  fusion.  The 
residue  remaining  after  either  of  these  treatments  is  reported  as  barium  sul- 
phate. 

Totil  Lead.  This  constituent  can  be  best  determined  on  a  separate  sample. 
To  1  gram  add  10  cc.  of  cone.  HNOt,  boil,  add,  after  cooling,  cone.  HiSOt  and 
evaporate  to  strong  SOi  fumes.  Dilute  with  water,  allow  to  stand  several 
hours,  filter,  wash  slightly,  dissolve  and  determine  the  lead  volumetrically  as 
outlined  under  Sublimed  White  Lead. 

Lead  can  also  be  determined  on  the  combined  filtrates  from  the  insoluble 
residue.  Precipitate  the  lead  in  an  acid  solution  with  HiS  and  determine  vol- 
umetrically in  the  above  outlined  manner. 

To  determine  whether  both  sublimed  white  lead  and  corroded  white  lead  are 
present,  treat  a  separate  portion  of  the  paint  with  boiling  acetic  acid,  filter  and 
collect  the  insoluble  residue.  Determine  the  lead  either  in  the  filtrate  or  in  the 
insoluble  residue  by  the  volumetric  method.  The  lead  soluble  in  acetic  acid  is 
the  basic  carbonate  of  lead  and  the  lead  oxide  from  the  subiiuad  white  lead, 
while  the  lead  sulphate  from  the  sublimed  white  lead  remains  insoluble. 

Ahini*"*  uid  Iron  Oxide.  Remove  the  H|S  from  the  filtrate  by  boiling. 
aft«r  removal  of  the  lead,  and  precipitate  the  hydroxides  in  an  ammoniacal 
solution  after  boiling  with  the  addition  of  a  few  drops  of  HNO|.  Determin<. 
and  separate  in  the  usual  manner. 
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Zinc.  Precipitate  the  sine  in  the  filtrate  from  ibe  alumina  and  iron  pre- 
cipitation, after  acidifying  trith  acetic  acid,  and  determine  the  sine  as  outlmed 
under  Sublimed  White  L(»d  on  p.  1179. 

Calcium  and  Magnealum.  Determine  the  calcium  and  magaedum  in  the 
filtrate  from  the  precipitation  of  sine  sulphide  in  the  usual  manner,  testing,  how- 
ever, first  for  the  presence  of  barium. 

Sulphate.     Deterrnine  as  outlined  under  Zinc  Lead  and  Leaded  Zincs. 

Sulphide.  Should  lithopone  be  present,  separate  the  line  oxide  and  sine 
,  sulphide  as  outlined  under  Lithopone,  p.  1186. 

Carbon  Dioxide.    Determine  as  outlined  under  Silica,  p.  1187. 

Calculations.  Silica  is  reported  as  silica,  except  where  alumina  is  preeoit, 
showing  the  presence  of  China  clay.  In  this  case,  calculate  the  alumina  to  day 
by  the  method  of  Scott. 

Weight  of  Al,O.X2.5372=weight  of  clay. 

Weight  of  clayXO.4667  -weight  of  SiO.  in  clay. 

Any  difference  greater  than  5%  may  be  considered  siiica. 

Barium  sulphate  is  reported  as  barium  sulphate  or  as  lithopone,  if  zinc  sul- 
phide is  present,  according  to  the  given  competition  of  lithopone,  70%  b&rium 
sulphate  and  30%  zinc  sulphide. 

Lead  is  reported  as  Basic  Carbonate  of  Lead  on  the  formula  2PbC0.  -Pb(OH),. 

Calculate  lead  soluble  in  acetic  acid,  after  detennining  C0|  to  basic  lead  car- 
bonate and  any  residual  lead  to  lead  oxide  which,  together  with  the  lead  sulfrftate 
is  reported  as  Sublimed  White  Lead. 

Should  calcium  sulphate  be  present  the  portion  soluble  in  water  is  examined 
for  lime  or  sulphuric  acid  and  calculated  to  calcium  sulphate,  any  residual  lime 
being  calculated  to  calcium  carbonate  and  any  residual  sulphuric  acid  being  cal- 
culated to  lead  sulphate.  Any  residual  COt  after  calculating  calciimi  carbonate 
is  calculated  te  white  lead  and  any  residual  lead  is  calculated  te  lead  oxide. 

Lead  oxide  should  not  be  reported  except  in  the  presence  of  lead  suIjAate. 
Any  laige  percentage  of  magnesium  denotes  Uie  presence  of  asbestine. 

RED  AND  BROWN  PIGMENTS 

These  pigments  are  grouped  under  these  heads: 

The  Lead  Oxide  Pigments— The  Iron  Oxide  and  Hanganese  Oxide 
Pigments — The  Mercury  Oxide  Pigments 

RED  LEAD  AND  ORANGE  MINERAL 

These  pigments  in  the  pure  form  are  oxides  of  lead,  of  the  generally  accepted 
form,  PbiO.,  being  probably  mixtures  of  lead  monoxide,  and  lead  dioxide.  In 
chemical  composition  they  are  the  same,  the  proportions  of  lead  monoxide  and 
lead  dioxide  varying,  however,  but  by  their  physical  structure  and  color  they  can 
be  readily  differentiated. 

Two  methods  are  given  for  the  analysis  of  this  pigment.  The  first  is  taken 
from  the  method  as  outlined  by  Sub-committee  VIII  of  Committee  D-I.' 

Moisture.     Dry  2  grams  at  105°  for  two  hours. 

'  Froceediaga  of  American  Society  for  Teatiag  Materials,  14,  281-283, 1914. 
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Organic  Color.  Boil  2  grams  with  25  cc.  of  95%  ethyl  alcohol,  let  settle, 
decant  oS  the  supernatant  liquid;  boil  residue  with  wat«r,  decant  aa  before  and 
hotlieffldue  with  very  dilute  NHiOH.  If  either  the  alcohol,  water  or  NHjOH 
is  colored,  organic  coloring  matter  is  indicated. 

Total  Lead  and  Insoluble  Residue.  Treat  1  gram  with  15  cc.  of  HNOi 
(1 : 1)  and  sufficient  hydrogen  dioxide  to  dissolve  all  the  PbOt  on  warming.  If 
Any  insoluble  matter  is  present,  add  25  cc.  of  water,  boil,  filter  and  wash  with 
bat  irater.  Insoluble  contains  free  SiOi,  and  should  be  examined  for  BaSOt 
ux]  silicates,  if  appreciable.  To  the  original  solution  or  filtrate  from  insoluble, 
add  20  cc.  of  cone.  HiSOt  and  cvnporate  to  S0|  fumes;  cool  and  determine 
lead  as  lead  sulphate  either  gravimetric  ally  or  volumctrically.  If  the  sample 
contains  soluble  barium  salts,  the  PbSO,  will  contain  BaSO,  and  should  be 
treated  with  acid-anunonitim  acetate  solution,  the  lead  being  determined  in  the 
filtrate. 

Deteirnination  of  Lead  Peroxide  (PbO,)  and  True  Red  Lead  (Pb,Oi). 
(Method  of  IJichl,'  modified  by  Topf ' — not  applicable  when  sul>atanccB  are 
prwent,  other  than  oxides  of  lead,  that  litierat*  iodine  under  conditions  given.} 

Weigh  1  gram  of  finely  ground  sairple  into  a  200-cc.  Eriemneyer  flask,  add  a 
lew  drops  of  distilled  water  and  rub  the  mixture  to  a  smooth  paste  with  a  glass 
rod  Battened  on  end.  Mix  in  a  small  beaker  30  grams  of  C.P,  "  Tested  Purity  " 
crystallized  sodium  acetate,  2.4  grams  of  C.P.  pota.ssium  iodide,  10  cc.  of  water 
and  10  cc.  of  50%  acetic  acid;  stir  until  all  is  li<|uid,  wanning  gently;  if  neces- 
sary add  2  to  3  cc.  of  H,0,  cool  to  room  temperature  and  pour  into  the  flaak  con- 
laining  the  red  lead.  Rub  with  the  glass  rod  until  nearly  all  the  red  lead  has  been 
dissolved;  add  30  cc.  of  wat«r  containing  5  or  6  grams  of  sodium  acetate,  and 
'Jtrate  at  once  with  decinomuil  sodium  thiosulphate,  adding  the  latter  rather 
slnuiy  and  keeping  the  liquid  constantly  in  motion  by  whirling  the  flask.  When 
the  solution  has  become  light  yellow,  rub  any  undissolved  particles  up  with  the 
r"d  until  free  iodine  no  longer  fom'.s,  wash  off  rod,  add  the  sodium  thiosulphate 
dilution  until  pale  yellow,  add  starch  solution  and  titrate  until  colorless,  add 
dcinormal  iodine  solution  until  blue  color  is  just  restored  and  subtract  the 
amount  used  from  the  volume  of  thiosulphate  that  hod  been  added. 

Calculation,  The  iodine  value  of  the  sodium  thiosulphate  solution  multi- 
plied by  0.94193  =PbO,;  the  iodine  value  multiplied  by  2.69973  =Pb,0,;  the 
PbO,  value  multiplied  by  2.8661fi  =Pbj(>,. 

Sodium  Thiotulphate  Solution  {declnornutl).  Dissolve  24.S3  grams  of 
C.P.  sodium  thiosulphate,  freshly  pulverized  and  dried  between  filter  paper, 
and  dilute  with  water  to  1  liter  at  a  temperature  at  which  the  titrations  are  to  be 
mide.  The  solution  should  be  made  with  woll-boiled  Hit),  free  from  C0»,  or 
1-t  stand  eight  to  fourteen  days  before  stondu^Uzing.  Standardize  with  pure, 
i^blimed  iodine,  as  described  in  the  chapter  on  Iodine,  page  204,  and  also  against 
pure  potassium  iodate.  The  two  methods  of  standardization  should  agree  within 
0.1%  on  iodine  value. 

Starch  Solution.  Two  to  3  grama  of  potato  starch  are  stirred  up  with  100  cc. 
of  1%  salicylic  acid  solution,  and  the  mixture  boiled  till  the  starch  is  practically 
<^lved  and  then  diluted  to  I  liter. 

The  red  lead  may  also  be  examined  for  zmc,  carbon  dioxide,  and  soluble 
Niiphate. 
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The  second  method  for  determination  of  the  lead  peroxide  or  true  red  lead 
content  is  somewhat  ehorter.' 

Treat  1  gram  in  a  beaker  with  15  cc.  of  nitric  acid,  ap.gr.  1.2  (110  cc.  nitric 
acid,  Bp.gT.  1.42  to  100  cc.  of  water).  Stir  the  sample  until  all  trace  of  red  color 
has  disappeared.  Add  from  a  calibrated  pipette  or  burette  exactly  10  cc.  of 
dilute  bydrc^en  dioxide  (1  part  of  3%  hydn^n  dioxide  to  3.-5  parts  of  water). 
Add  about  50  cc.  of  hot  water  and  stir  until  all  the  lead  dioxide  has  passed  into 
solution.  Jn  the  case  of  some  coarsely  ground  oxides  the  contents  of  the  beaker 
may  have  to  be  gently  heat«d  to  effect  complete  solution.  After  the  oxide  has 
completely  passed  into  solution,  dilute  with  hot  water  to  about  250  cc.  volume 
and  titrate  directly  with  a  standard  potassium  permanganate  solution,  ha^-ing 
an  iron  value  of  0.005.  Titrate  to  the  faint  pink  permanganate  color.  A  blank 
titration  on  the  hydrogen  dioxide  solution  must  now  be  made. 

Into  a  beaker  pour  15  cc.  of  nitric  acid  of  abov3  strength  and  add  exactly 
the  same  amount  of  hydrogen  dioxide  (10  cc).  Dilute  to  250  cc.  with  hot  water 
and  titrate  with  standard  potassium  pennanganate  solution  to  a  faint  {nnk 
color. 

The  difference  between  the  number  of  cc.  of  potassium  permai^^nate  required 
for  the  blank  titration  and  the  number  required  for  the  red  lead  titration  is  the 
amount  required  for  the  hydrogen  dioxide  which  was  reacted  on  by  the  red  lead. 
The  difference  between  the  two  amounts  of  potassium  permanganate  required 
multiplied  by  3.058  grams  gives  the  percentage  of  red  lead  present.  The  dif- 
ference multiplied  by  1.067  gives  the  percentage  of  PbOi  present. 

VBRHILION 

The  following  portion  of  Walker's  '  method,  will  suffice  for  the  examination 
of  this  pigment.  Should  the  analyst  desire  to  detemune  the  sulphide  of  mercurv' 
preseiit  or  make  a  more  complete  examinatioa — reference  may  be  made  to  the 
original  method. 

True  vermilion,  or,  as  it  is  generally  called,  English  vermilion,  is  sulphide 
of  mercury.  On  account  of  its  cost  it  is  rarely  used  in  paints,  and  is  liable  to  gross 
adulteration.  It  should  show  no  bleeding  on  boiling  with  alcohol  and  water  and 
no  free  sulphur  by  extraction  with  carbon  disulphjde.  A  small  quantity  mixed 
with  five  or  six  times  its  weight  of  dry  sodium  carbonate  and  heated  in  a  tube 
should  show  globules  of  mercury  on  the  cooler  portion  of  the  tube.  The  best 
test  for  purity  is  the  ash,  which  should  be  rot  more  than  one-half  of  1%.  Make 
the  detemunation  in  a  porcelain  diah  or  crucible,  using  2  grama  of  the  sample. 
Ash  in  a  mufflle  or  in  a  hood  with  a  very  good  draft,  as  the  mercuiy  funtes  arc 
very  poisonous.    It  is  seldom  necessary  to  make  a  determination  of  the  mercury. 

Genuine  vermilion  is  at  the  present  time  little  used  in  paints.  Organic 
lakes  are  used  for  most  of  the  brilliant  red,  scarlet  and  vermilion  shades.  These 
organic  coloring  matters  are  sometimes  precipitated  on  red  lead,  orange  mineral 
or  zinc  oxide;  but  as  a  usual  thing  the  base  is  barytes,  whiting  or  china  clay, 
Paranitraniline  red,  a  compound  of  diazotizcd  paranitraniline  and  betarnaphthol. 
is  largely  employed;  but  a  number  of  colors  may  be  used. 

Paranitraniline  red  is  soluble  in  chloroform.    It  is  also  well  to  try  the  solvent 

'  "  AnalyRiB  of  Lead  and  Its  Compounds,"  Schoeffer  and  White,  pp.  25-27. 

'  P.  H.  Walker,  Bulletin  lOS,  Revised,  Bureau  of  Chemistry,  U.  S.  Dept.  of  Agri., 

pp.  31-33. 
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ittjan  un  different  reds,  of  sodium  carbonate,  etc.  The  amount  of  oi^anic  pig- 
meat  present  in  such  reds  is  generally  very  small,  and  when  it  cannot  be  deter- 
■wned  by  ignition  owing  to  the  presence  of  lead,  zinc  or  carbonate,  it  is  best  deter- 
nioed  by  difference. 

IRON  OXIDES 

The  iron  oxides  and  manganese  oxide  pigments  include  the  ochres,  umbers, 
nnmas,  Venetian  red,  metallic  brown,  Indian  red  and  Tuscan  red. 

Id  analyzing  these  pigments,  the  following  constituents  arc  sought;  moisture, 
ion  OD  ignition,  insoluble  residue,  iron  oxide,  manganese  dioxide,  calcium  and 
magiKsium  oxides  and  sulphur  tiioxide. 

Owing  to  the  similarity  of  the  methods  used  for  the  analysis  of  these  pigments 
to  those  used  in  the  analysis  of  iron  ores,  the  analyst  is  referred  to  p.  247  on  the 
Analysis  of  Iron  Ores,  or  to  the  method  of  Walker.' 


BLUE  PIGMENTS 

g  blue  pigments,  only  three  are  found  of  commercial  importance 
iothe  manufacture  of  paints;  namely,  Prussian  blue,  ultramarine  blue  and  sub- 
linted  blue  lead. 

Sublimed  blue  lead  is  the  fume  product  resulting  from  the  smelting  of  lead 
ores.  In  composition  it  consists  of  lead  sulphate,  lead  sulphide,  lead  sulphite, 
lad  oxide  and  zinc  oxide,  with  occasional  traces  of  carbon.  It  is  finding  its  great- 
c!it  use  as  an  inhibitive  pigment  for  the  protection  of  iron  and  steel.  Its  color 
is  a  bluish  gray. 

Prussian  blue  is  the  double  iron  and  potassium  salt  of  hydroferrocyanic  and 
kydroferricyanic  acids. 

I'ltramarine  blue  is  essentially  a  silicate  and  sulphide  of  sodium  and  aluminum. 

ULTRAMARINE  BLUE 

Hoistnre.     Heat  2  grams  at  105°  C  for  two  hours. 

Silica.  Digest  1  gram  with  30  cc.  of  concentrated  HCl,  taking  care  to 
»void  spattering.  Evaporate  to  dryness,  dehydrate,  moisten  with  cone.  HCl, 
dehydrate  a  second  time,  dilut«,  filter,  and  determine  the  silica  by  volatilization 
with  H^,  and  HF. 

Ahuninum  Oxide.  In  the  filtrate  from  the  silica,  precipitate  the  aluminum 
fajrdroxide  and  determine  in  the  usual  manner.     Report  as  aluniinum  oxide. 

Sodium  Oxide.  The  filtrate,  after  the  removal  of  the  aluminum  hydroxide  is 
uidified  with  H^0<.  Evaporate  to  dryness,  ignite  at  a  low  red  heat,  and  weigh 
the  sodium  sulphate.    Calculate  to  sodium  oxide. 

Total  Sulphur.  Fuse  1  gram  with  a  mixture  of  KNOj  and  NajCOj.  Dissolve 
Ihe  fused  mass  in  HCl,  boil  with  cone.  HNOi  for  one-half  hour,  remove  the 
mnluble  residue  and  determine  the  sulphuric  acid  in  the  usual  way. 

Snlphnr  Present  as  Sulphate.  Dissolve  1  gram  in  dilute  HCl  and  boil 
until  all  the  hydrogen  sulphide  is  removed.  Filter  off  the  insoluble  residue  and 
detemiine  the  sulphate  in  the  filtrate. 

'  Bulletin  109,  Revised,  Bureau  of  Chemistry,  U,  8.  Dept.  Agri.,  pp.  33-34. 
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PRUSSIAN  BLUB— {CHIHESE  BLUE)— ANTWERP  BLUE 

Hoistuxe.    Heat  2  grams  at  105°  C.  for  two  hours.     Dry  Prussian  bk'-  | 
should  contain  less  than  7%  moisture. 

Nitrogen.     Determine  the  nitrogen  present  by  the  Kjeldahl^unning  method,   i 

Iron  and  Aluminum  Oxides.  Ignite  1  gram  at  a  low  temperature,  sufficieot 
to  decompose  all  the  blue,  but  not  to  render  the  iron  difficulUy  soluble.  Digest 
the  residue  with  (1  :  1)  HCl.  Any  insoluble  residue  ifl  examined  for  silica, 
barium  sulphate  and  alumina.  A  pure  Prussian  blue  should  show  no  insoluble 
n?sidue.  The  filtrate  is  examined  for  alumina,  iron  and  calcium  in  the  usual 
way. 

An  aliquot  portion  of  the  filtrate  after  the  removal  of  the  calcuim  is  examined 
for  the  alkaline  metals.     Calculate  any  alkaline  metal  present  Ki  sulphate. 

Sulphuric  Add.  Determine  the  sulphuric  acid  in  an  aliquot  portion  after 
removal  of  the  calcium. 

Commercial  Analysis.  The  method  of  Parry  and  Coate  *  is  suffieientl.v 
accurate  to  determine  the  Prussian  blue  in  most  instances. 

By  multiplying  the  percentage  of  iron  by  3.03  or  the  percentage  of  nitrc^en 
by  4.4,  the  percentage  of  Prussian  blue  is  directly  determined. 

In  the  case  of  Chinese  blue,  tin  salts  are  frequently  found.  The  presenre 
of  these  salts  should  be  sought  by  a  qualitntive  examination. 

SUBLIMED  BLUE  LEAD^ 

Total  Lead.  The  total  lead  content  is  detemuned  by  the  volumetric  method 
for  lead  as  outlined  under  Sublimed  White  Lead. 

Total  Solpbui.  Treat  0.5  gram  with  10  cc.  of  water  and  a  few  cc.  of  bromine 
water.  Boil  gently  until  all  the  bromine  has  passed  off.  Dilute  wth  water, 
add  another  portion  of  bromine  water,  boil,  and  continue  the  treatment  until 
the  sediment  has  become  white  in  color.  Add  8  cc.  of  nitric  acid,  evaporate 
until  the  brown  fumes  of  nitric  acid  have  disappeared,  dilute  with  water  and  add 
an  excess  of  sodium  carbonate.  Determine  as  outlined  under  Zinc  Lead  and 
Leaded  Zinc. 

Lead  Sulphate.  On  a  separate  sample  determine  the  aulphat«  diredJy  as 
outlined  under  Zinc  I^ad  and  I.eaded  Zinc,  without  any  preliminary  treatment 
for  the  oxidation  of  sulphites  and  sulphides. 

Lead  Sulphite.  Boil  \\  grams  with  3  grams  of  sodium  carbonate.  Allov 
to  stand,  filter  and  thoroui^ly  wash.  Treat  the  filtrate  with  bromine  water  »s 
outlined  under  Total  Sulphur  and  det«nnine  the  combined  sulphur  present  sf 
sulphate  and  sulphite.  Deduct  the  amount  present  as  sulphate  and  calculate  to 
sulphite. 

Lead  Sulphide.  Deduct  the  sulphur  present  as  sulfate  and  sulphite  from 
the  total  sulphur  and  report  tlie  difference  as  lead  sulphide. 

Lead  Carbonate.  Deteniiine  any  CO,  present  by  the  evolution  method  snd 
calculate  to  lead  carbonate.    See  p.  121,  Vol.  I. 

Lead  O^de.  Deduct  the  lead  present  as  sulphate,  sulphite,  sulphide  vsA 
carbonate  from  the  total  lead  and  report  the  difference  ns  lead  oxide. 

'  The  Analyst,  21,  225-230,  1896. 

>  "  The  Chemical  Analysis  of  Lead  and  its  Compounds,"  SchaelTer  and  niuie, 
pp.  22-24. 
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Zinc  Oxide.  Determine  the  line  volumetrically  as  outlined  under  Sublimed 
^liite  Lead  and  report  as  zinc  oside. 

Carbon  and  Volatile  Matter.  Ignite  the  sample  in  a  partially  covered 
crucible  at  a  low  heat  for  two  hours.  Report  the  difference  in  we^t  as  carbon 
ttnd  volatile  matter. 

YELLOW  AND  ORANQE  PEQMENTS 

Chnmie  Yellows— American  Vermilion— Ba^c  Lead  Chromate 

The  pigments  under  this  class  all  contain  chromates,  with  the  exception  of 
ontnge  mineral,  which  is  analyzed  as  under  Red  Lead.  Frequently  they  contain 
lead  sulphate  and  sometimes  lead  carbonate.  A  pure  chrome  yellow  should  con- 
tain only  lead  chromate  and  insoluble  lead  compounds.  Owing  to  the  frequent 
use  of  or^nic  colors  to  brighten  up  the  pigment,  it  is  essential  that  a  teat  be  made 
tor  oT^nic  colors  as  outlined  under  Vermilion. 

The  analysis  of  these  pigments  is  carried  out  in  the  following  manner: 

M<nstuce.     Heat  2  grams  at  105°  C.  for  two  hours. 

Insolnble  Residne.  Treat  1  gram  with  25  cc.  of  concentrated  HCI,  boil 
and  during  the  boiling  add  a  few  drops  of  alcohol,  one  at  a  time.  The  solution 
is  diluted  to  100  cc,  the  boiling  is  continued  for  ten  minutes  and  any  insoluble 
residue  is  filtered  ofi,  thoroughly  washed  and  examined  for  siUca,  barium  sulphate 
and  alumina. 

Lead.  The  solution  is  nearly  neutralized  with  NHtOH  and  the  lead  is  pre- 
cipitated as  PbS  with  H,S.  Filter  off  the  precipitate  of  PbS,  dissolve  in  HNO„ 
odd  H^Oi,  boil  to  strong  fumes  and  determine  as  outlined  under  Sublimed  White 
l£ad  or  weig^  as  PhSO*. 

Chrcnninm.  The  filtrate  from  the  lead  precipitation  is  boiled  until  all  the 
H^  is  driven  off.  The  solution  is  rendered  alkaline  with  KH«OH  and  the  chro- 
mium is  precipitated  and  determined  as  chromic  oxide.  Calculate  to  chromic 
anhydride. 

Zinc,  Calcium  and  Magnesium.  Precipitate  the  einc  in  the  filtrate  with 
H^  and  determine  as  previously  outlined,  either  volumetrically  or  gravimetrically. 

In  the  filtrate  from  the  zinc  precipitation,  determine  the  calcium  and  mag- 
nesium in  the  usual  manner. 

If  any  carbonates  are  present,  determine  by  the  evolution  method. 

Snlphuiic  Acid.  Determine  the  total  sulphate  as  outlined  under  Zinc  Lead 
and  Leaded  Zmc  on  p.  1183. 

CalcnlatioaB.  Any  chromic  anhydride  is  calculated  to  lead  chromate,  sul- 
piaaic  acid  to  lead  sulphate,  if  calcium  sulphate  is  absent,  and  any  residual  lead 
is  calculated  to  lead  oidde. 

OREEN  PIGMENTS 

Chrome  Green 

Green  pigments  are  usually  mixtures  of  chrome  yellow  and  Prussian  blue, 
tbou^  oiganic  color  is  sometimes  present,  which  may  be  determined  by  an 
eitractioD  with  alcohol. 

A  microscopic  examination  should  be  made  to  determine  whether  the  green 
i>  a  combined  precipitation  product,  which  is  of  the  greater  value,  or  one  mixed 
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after  separate  precipitation.  A  good  green  will  show  the  presence  of  green  and 
blue  particles,  while  a  poor  green  will  show  yellow  and  blue  particles  mixed  n-ith 
green.    The  analysis  may  be  carried  out  aa  follows:  * 

Mmsture.    Heat  2  grams  at  105°  C.  for  two  hours. 

Insoluble  Residu«.  Heat  1  gram  at  a  low  beat  until  the  blue  color  has  been 
decomposed,  keeping  the  temperature  sufficiently  low  so  as  not  to  render  any  of 
the  iron  or  lead  chromate  insoluble.  Determine  the  insoluble  residue  as  outlined 
under  'V'ellow  Pigments,  on  p.  1195. 

Lead.     Determine  as  outlined  under  Yellow  Pigments. 

Iron,  Alumina  and  Chromium.  All  the  HiS  is  expelled  from  the  filtrate 
tdtei  the  lead  precipitation  by  boiling.  Add  a  few  drops  of  HNOi,  boil  a  few 
minutes  and  precipitate  the  alununum,  iron  and  chromium  hydiOKides  with 
NHjOH.  Filter,  wash,  dissolve  the  precipitate  in  HCl,  and  make  up  the  solution 
to  a  definite  volume. 

In  one  portion  the  three  hydroxides  are  precipitated  together  with  NH,OH 
and  weighed.  Another  portion  is  treated  in  a  flask  with  an  excess  of  KOH  and 
bromine  water  until  the  iron  hydroxide  has  assumed  its  characteristic  reddish- 
brown  color.  Dilute  with  water,  filter,  wash  and  determine  the  iron  in  ibe 
usual  way.  Render  the  filtrate  from  the  iron  precipitation  acid  with  HXOi, 
precipitate  the  aluminum  hydroxide  with  NHtOH  and  weigh  as  AliOi. 

Chromium  is  determined  in  the  filtrate  by  reduction  to  a  chromic  salt  with 
HCl  and  alcohol,  precipitated  with  NHiOH  and  weighed  as  oxide.  Any  method 
for  the  separation  of  the  above  hydroxides  may  be  used  in  place  of  the  one 
outlined. 

Calcium  and  Magnesium.  These  constituents  are  determined  in  the  filtrate 
from  the  precipitation  of  the  above  hydroxides. 

Sulphuric  Acid.  One  gram  after  ignition  until  all  the  blue  has  been  decom- 
posed, is  dissolved  in  30  cc.  of  cone.  HCl,  diluted  n-ith  water,  boiled,  filtered, 
and  washed.    The  sulphuric  acid  is  determined  in  the  filtrate. 

Nitrogen.    Determine  as  outlined  under  Prussian  Blue. 

Calculation.  The  Prussian  blue  is  determined  by  multiplying  the  iron 
found  by  3.03  or  the  nitrt^en  formed  by  4.4.  The  sulphate  is  calculated  to  lead 
sulphate  and  calcium  sulphate,  should  calcium  be  present,  and  the  chromium  to 
lead  chromate. 

BLACK  PIGMENTS 

The  black  pigments  include  those  which  contain  carbon  as  their  essential 
constituent.  The  introduction  of  many  black  pigments  which  are  made  from 
osphaltic  and  coal-tar  mixtures  complicates  their  chemical  analysis.  For  tbwe 
pigments  which  contain  coal-tar  mixtures,  recourse  may  be  had  to  works ' 
covering  this  matter  thoroughly. 

The  analysis  of  the  simple  black  pigments  may  be  carried  out  in  the  followinp 

Moisture.    Dry  2  grams  at  105°  C.  for  two  hours. 

Oil.    Extract  2  grains,  with  ether  in  a  fat-extraction  apparatus. 

Carbon.    Determine  the  carbon  by  difference  after  determining  the  moiat- 

'  "  The  Anal>-Bia  of  Painte,"  Gardner  and  Schaeffer,  pp.  36-37. 
'  Allen's  "  Commercial  Organic  Analysis,"  4th  Edition;   "  The  Analysis  of  Painta," 
Gardner  and  Schaeffer. 
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an,  oH  and  aeh.  For  on  exact  determination  of  c&rbon  make  a  combustion  test, 
ibtorbing  the  carbon  dioxide  in  soda-lime  or  caustic  potash  ae  usual. 

Ash.  Ignite  2  grams  to  a  bright  red  heat  until  all  the  carbon  is  driven  olT. 
If  graphite  is  present,  the  ignition  must  be  carried  out  with  the  aid  of  oxygen. 
Should  carbonate  be  present,  mix  the  ash  with  a  small  amount  of  ammonium 
carbonate  and  again  ignite,  thus  reconverting  to  carbonate  any  oxide  which  may 
tuve  been  decomposed. 

Analyaifl  of  Ash.  The  ash  is  boiled  with  concentrated  HCI  and  the  insoluble 
residue  determined  in  the  usual  manner.  The  filtrate  is  examined  for  calcium, 
tnignesium  and  phosphoric  acid. 

Calculate  the  magnesium  to  phosphate,  any  residual  phosphoric  acid  to 
calcium  phosphate  and  any  residual  calcium  to  carbonate. 


The  United  Stales  Interdepartmental  Committee  on  Paint  Specification  Standardiza- 
lion,  of  which  one  of  the  writers  ia  a  member,  bus  drawn  up  a  series  of  Bpecifications 
a&d  methods  of  analysis  for  a  wide  series  of  paintinf;  maleriais.  These  upecificationa 
uid  methods  have  been  published  as  circulars  by  Uie  United  States  Bureau  of  Standards 
■ad  may  be  secured  for  a  nominal  sum  from  the  Superiotendept  of  Public  Documeots, 
Govemment  Printing  Offii'e,  Washington,  D.  C. 

The  analyst  is  referred  to  the  foIlowinR  circulars  on  this  subject: 

Basic  SulplMle  of  Lead,  Circular  No.  85. 

Basic  Corbonate  Wliile  Lead  Qrcular  No.  84. 

Leaded  Zinc  Oxide,  Circular  No.  88. 

Zinc  Oxide,  Circular  No.  87. 

Whi1«  Point  and  Tinted  Paints  on  a  White  Base,  Circular  No.  89. 

Flat  Interior  Lithopone  Paint,  Circular  No.  111. 

Red  Lead,  Circular  No.  90. 

Ochie,  Iron  Oxide  and  Iron  Hydroxide  Paints,  Circulars  Nos.  91  and  93. 


COMPLEX  COMPOUNDS— FERRO  AND  FERRI  CYANIDES 

Hydroferrocyanic  Acid 

One  gr^m  of  the  hydroferrocyanide  in  KO  ee.  of  water  acidified  with  10  cc. 
uf  sulphuric  acid  is  titrated  in  a  casserole  with  standard  potassium  permanganate 
^0  a  permanent  pink  color.  The  end-point  is  poor,  so  that  it  i.i  advisable  to 
^aodardize  the  permanganate  agaimt  pure  potassium  ferrocyantde. 

Reaction:  2HJ'e(CN),+0  =  H,0+2H.Fe(CN), 

One  cc.  N  KMnO,=0.36S3  gram  K,Fe((N).. 

Hydrofeiricyanic  Acid 

Tm  grama  of  bydroferricyanide  are  dissolved  in  water,  the  so'ution  made 
ukaiioe  with  KOH  and  heated  to  boiling  and  an  excesi  of  ferrous  sulphate  solu- 
'»n  added.  The  yellowish  brown  U  rric  hydroxide  turns  black  with  excess  of 
fwToug  salt.  The  solution  is  diluted  to  exactly  5(;0  cc.  and  50  cc.  of  a  filtered 
Pw^  titrated  with  potassium  permanganate. 

"^  One  oc.  N  KMnO,  =  .3292  gram  K,Fe(CN),. 
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Richard  K.  Meade  * 
ANALYSIS  AND  TESTINQ  OF  CEMENTS 

The  teate  ordinarily  applied  to  Portland  cement  are  aa  follows: 


Specific  gravity. 
Setting  time. 
Soundness. 
Tensile  strength. 

Chemical  analysis  is  also  made,  particular  attention  being  paid  to  the  deter- 
mination of  magnesia,  sulphur  trioxide,  and  loss  on  ignition.  As  a  general 
rule,  however,  it  may  be  said  that  eo  far  as  the  consumer  fa  concerned,  more 
attention  is  paid  to  the  physical  tests  than  to  chemical  analysfa. 

Standard  specifications  covering  the  requirements  for  cement,  both  chem- 
ical and  phj-sical,  have  been  adopted  by  the  American  Society  for  Testing 
Materials,  and  by  the  U.  S.  Government.  The  former  are  generally  recogniied 
by  cement  users  as  the  standard  requirements,  while  the  latter  are  used  by  the 
various  branches  of  the  federal  government. 

The  methods  of  making  these  tests  follow. 

PHYSICAL  TESTING 

Fineness.  The  fineness  of  cement  is  usually  determined  by  sieving  a  weighed 
portion  through  sieves  having  openings  of  definito  sizes  and  observing  the  per- 
centage of  residue  caught  upon  these.  The  standard  sieves  for  cement  testing 
ore  the  No.  )00  and  the  No.  200.  The  No.  100  cement  test  sieve  has  100 
openings  to  the  linear  inch  and  is  called  the  100-mesh  sieve.  Since  the  siie  of 
these  openings  will  be  influenced  by  the  size  of  the  wire  used  to  weave  the  doth 
of  the  sieve,  the  No.  JOG  sieve  is  made  of  wire  having  a  diameter  of  0.0045  in. 
As  it  fa  practically  an  impossibility  to  obtain  wire  havmg  exactly  100  mesbes 
to  the  linear  inch,  any  sieve  will  be  considered  standard  which  contains  from 
96  to  100  meshes  to  the  linear  inch  and  fa  made  of  brass  wire  of  the  proper  diam- 
eter (0.0045  inch).  Similarly  the  No.  200  sieve  (200-niesh)  should  contain 
between  192  and  208  meshes  to  the  linear  inch  and  be  made  of  brass  wire  O.Ottfl 
in.  in  dfameter.  The  spacing  should  be  regular,  and  in  purchasing  a  new  lot 
of  sieves  the  number  of  meshes  in  each  should  be  counted,  and  the  cloth  examined 
for  irregularities.  The  sieves  should  be  about  8  ins.  in  diameter,  2i  ins.  deep 
and  provided  with  a  cover  and  a  pan  2  ins.  deep.     The  standard  specificatioiu 

'  Chemical  and  Industrial  Engineer,  Baltimore,  Md. 
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uid  the  U.  S.  Government  BpecificatioDs  require  the  following  degree  of  fine- 


Residue  on  No.  200  sieve,  not  over. . 


There  are  now  no  longer  any  requirements  as  to  fineness  where  listed  with 
the  No.  100  sieve. 

The  method  of  making  the  test  is  as  follows:  The  cement  to  be  tested  is  dried 
for  one  hour,  in  an  air  bath,  at  a  temperature  of  from  100  to  110°  C.  (212  to 
230°  F.) ;  50  grama  of  this  are  then  weighed  into  tiie  No.  200  sieve,  which  should 
ilso  contain  a  few  large  (B.B.  size)  buck-shut  and  have  its  pan  attached.  The 
fover  is  now  placed  on  the  sieve  and  the  latter  held  in  one  hand,  in  a  slightly 
ioclioed  position,  and  moved  forw&rd  and  backward,  at  the  same  time  striking 
the  side  gently  with  the  palm  of  the  other  hand,  at  the  rate  of  about  150  strokes 
pei  minute.  The  operation  is  continued  until  not  more  than  one-tenth  of  1% 
(0.05  gram)  passes  through  after  one  minute  of  continuous  sieving.  The  residue 
is  then  weighed,  placed  on  the  No.  100  sieve  and  the  operation  repeated.  The 
results  should  be  reported  to  the  nearest  tenth  of  1%, 

Specific  Gravi^.  The  standard  instrument  for  determining  specific  gravity 
B  the  one  designed  by  Le  Chatelier,  which  is  shown  in  Fig.  03.  This  consists 
of »  flask  of  120  cc.  capacity,  the  neck 
of  which  is  about  20  cm.  long.  In  the 
middle  of  this  neck  is  a  bulb,  above  and 
helow  which  are  two  marks.  The 
volume  between  these  marks  is  20  cc, 
Md  the  neck,  which  has  a  diameter  of 
9™, is  graduated  into  tenths  of  cc, 
»bo(-e  the  bulb. 

In  making  the  determination,  which 
f*n  be  done  in  either  of  two  ways, 
Iwuine  (62°  B*.  naphtha)  or  kerosene 
'fw  from  water  should  be  used,  and  the 
wraple  of  cement  should  be  dried  for 
»t  least  one  hour  at  from  100  to  1 10°  C. 
"id  cooled  to  room  temperature.  To 
nuke  the  test  fill  the  fiask  to  the  mark 

«with  the  Uquid,  next  weigh  out  Le  Chateliefs  Specific  Gravity  Apparatus. 
Kwtly  64  grama  of  cement  and  mtro- 

duce  into  the  neck  of  the  flask  by  means  of  a  funnel.  The  funnel  stem  should 
>ttch  below  the  mark,  F,  on  the  stem,  bo  that  should  any  of  the  liquid  fall  against 
the  aide  of  the  neck,  it  will  be  below  the  space  eventually  occupied  by  the  liquid, 
the  cement  is  added  cautiously  towards  the  last  until  the  liquid  fills  the  bulb, 
'^.and  rises  to  the  mark,  F,  on  the  stem.  The  remainder  of  the  cement  is  then 
willed,  and  from  this  the  weight  of  cement  which  displaces  20  cc.  is  calculated. 
^Wn  which 

„      ,_                    Difference 
Specific  gravity  = — . 

Instead  of  the  above  method  the  operator  may  aiid  the  entire  04  grams  of 
Www.    Thia  will  bring  the  surface  of  the  liquid  to  one  of  the  divisions  on  the 


neck  above  the  mark,  F.    This  readinR  on  the  neck  plus  20  will  give  the  nuinbei 
of  CO.  displaced  by  64  grams  of  cement.     Then: 


Specific  gra\'ity  ■- 


20+ Heading  on  neck' 


Care  must  be  taken  to  keep  the  temperature  of  the  liquid  constant  during 
the  test. 

The  standard  specifications  require  a  specific  gravity  of  at  least  3.10. 
Normal  ConsiEtency.  In  order  to  proi)erly  muke  t!ie  pai^tcs  and  mortais 
used  in  tie  following  tcst«,  the  amount  of  water  to  be  used  to  make  a  paste  or 
iportar  of  a  definite  state  of  plasticity,  called  "Nonnal  Cnnaistencj',"  must  be 
-letermined.  The  "standard  specification"  prcscril)ea  for  doing  this  the  Vicat 
needle.  This  consista  of  a  frame,  K,  Fig.  94,  bearing  a  movable  rod,  L,  with 
the  cup,  A,  at  one  end,  tind  at  the  other,  tlie  cylinder,  B,  1  em.  (0.39  in.)  in 
diameter,  the  cap,  rod,  and  cylinder 
weighing  300  grams  (10.5S  oz.).  The 
rod,  which  can  be  held  in  any  desired 
position  by  a  screw,  F,  carries  an  indi- 
cator, which  moves  over  a  scale  (grad- 
uated to  centimeters)  attached  to  the 
frame,  K.  The  paste  is  held  by  a 
conical,  hard  rubber  ring,  /,  7  cm, 
(2.76  ins.)  in  diameter  at  the  base, 
4  cm.  (1.57  ins.)  high,  resting  on  a 
glass  plate,  J,  about  10  cm.  (3.894 
ins.)  squ&re. 

Five  hundred  grams  of  cement  are 
placed    on    the    mixing    slab,    which 
should  be  about  24  ins.  square,  and 
plate    glass    or    sheet    brass.    A 
VICAT  NiEOuE.  crater  is  then  formed  in  the  center, 

Fiu.  94.  into  nhich  the  proper  percentage  of 

clean  waler  ia  poured,  and  the  material 
turned  into  this  crater  by  the  aid  of  a  trowel.  As  soon  as  the  water  has  been 
absorl>ed,  which  should  not  require  more  than  one  minute,  the  operation  is  com- 
pleted by  a  vigorous  kneading  with  the  hands,  for  one  and  a  half  minutes,  the 
process  being  similar  lo  that  used  in  kneading  dough.  A  sand-glass  affords  a 
convenient  guide  for  the  time  of  kneading.  The  hands  should  be  protected  by 
rubber  gloves. 

The  paste  is  now  formed  into  a  ball,  pressed  into  the  rubber  ring,  throu^ 
the  larger  opening,  smoothcfi  off  and  placed  (on  its  large  end)  on  a  glass  plat^ 
and  the  smaller  end  smoothed  off  with  a  trowel.  The  paste,  confined  in  the  ring, 
and  resting  on  the  glass  plate,  is  placed  under  the  rod  having  the  cylinder, 
which  is  brought  in  contact  with  the  surface  and  quickly  released.  The  paste 
is  of  normal  consistency  when  the  cylindei  penetrates  to  a  point  in  the  mass 
10  mm.  below  the  top  of  the  ring.  Great  care  should  be  taken  to  fill  the  ring 
exactly  to  the  top. 

Probably  the  majority  of  cement  testers  determine  normal  consistency  by 
the  ball  test.     This  consbts  in  forming  the  paste  into  a  ball  and  dropping  it 
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ooto  the  table  from  a  height  of  IS  ins.  If  of  nonnal  cooBistency  the  ball  will 
neither  flatten  nor  crack — the  former  if  too  wet  and  the  latter  if  too  dry.  Most 
cements  require  about  20  to  24%  of  water  for  normal  consistency. 

The  proper  percentage  of  water  for  sand  mortar  ia  found  from  the  following 
table,  the  first  column  of  which  gives  the  percentage  of  water  found  by  trial 
as  above  to  give  normal  consistency,  and  the  second  column  shows  the  per- 
centre  of  water  for  sand  mortar. 


Percentaoe  or  Wateb  for  Standard  Sakd  Mortak 


0=^.™..nt. 

One  ccmenl. 

N«H. 

throp  aland  unl 

N<al. 

three  Bliddntd 

UttswH  »pd. 

Ottawa  wad. 

IS 

9.0 

23 

10.3 

16 

9.2 

24 

10,5 

17 

9,3 

25 

10,7 

18 

9.5 

26 

:c.8 

19 

9.7 

27 

11.0 

20 

9.8 

28 

11.2 

21 

10.0 

29 

11.3 

22 

10,2 

30 

11.5 

Setting  Time.  In  making  the  test,  a  paste  of  normal  consistency  is  moulded 
and  placed  under  the  md,  L,  Fig.  94,  as  descrilied  alxive;  this  rod,  bearing  the 
cap,  D,  at  one  end  and  needle,  H,  1  mm.  (0.039  in.)  in  diameter,  at  the  other, 
weighing  300  grams  (10,58  oz.).  The  needle  Is  then  carefully  brought  in  con- 
tact with  the  surface  of  the  paste  and  quickly  released. 

The  cement  has  its  initial  lui  when  the  needle  ceases  to  pass  a  point  5  mm. 
above  the  glass  plate,  in  one-half  minute  after  being  released,  and  its  final  set 
the  moment  the  needle  ceases  to  sink  visibly  into  the  mass. 

A  simpler  test,  devised  by  Gen.  Gilmore,  ia  much  more  u-sed  than  the  above 
and  consists  of  mixing  cakes  of  neat  cement, 
3  ins.  in  diameter  and  J  in.  thick,  to  the 
consistency  sho^-n  by  the  boll  teat  and 
observing  when  they  will  bear  a  needle  -^  in. 
in  diameter  n-eighted  with  J  pound.  This 
is  noted  at  the  initial  set.  The  final  set  ia 
the  time  after  which  they  will  bear  a  needle 
^  in.  in  diameter  weighted  with  1  lb.  In 
l^th  cases  the  set  is  the  time  expressed  in 
minutes  between  the  mixing  of  the  mortar 
and  the  failure  ot  the  needle  to  penetrate 
the  surface. 

The  standard  specifications  call  for  a  min- 
imum initial  set  of  45  minutes,  when  the  Vicat 
needle  is  used  or  sixty  minutes  where  the  Gilmore  needle  is  used.    The  final  set 
shall  be  attained  within  ten  hours. 

Fig.  95  shows  the  Gilmore  needles.  The  pats  should  1*  made  with  a  flat 
top  (so  as  not  to  catch  the  edge  of  the  needle  as  shown  in  Fig.  96)  and  if  made 
to  taper  towards  the  edge  may  be  used  for  the  soundness  test  also.    They  should 


Fig.  95.— GUi 


be  kept  in  a  moist  closet  or  under  a  damp  cloth  to  prevent  drying  out.     A  large 
covered  tin  box  containin;;  a  wet  upoagfi  makes  a  good  moist  closet. 


Fia.  D6. — Pat  for  DcUrmiaing  Setting  Time  and  Soundnees. 

SoimdnesB  or  CoDstaac;'  of  Volume.  For  tliis  test,  which  Is  intended  to 
sliow  the  endurance  of  concrete  ina<le  from  the  cement,  pats  about  3  ins.  b 
diameter  and  i  in.  thick  at  the  center,  and  tapering  to  a  thin  edge  should  be 
made  upon  a  clean  glass  plate  4  ins.  square.  The  paste  from  which  tb"  psU 
are  made  should  be  of  normal  consistency  and  they  should  be  allowed  to  harden 
twenty-four  hours  in  a  moist  closet.  At  the  end  of  this  time  they  should  be 
exposed  in  an  atmosphere  of  steam,  1  in.  above  Imiling  water,  in  a  loosely  covemi 
vessel  for  three  hours.  At  the  end  of  this  time  the  pat«  should  show  no  signs 
of  cracking,  distortion,  or  disint^ration.     Distortion    has  not    taken  place  if 


Fia.  &7. — Appearance  of  Pate  Made  from  Sound  and  Unsound  Cement  after  Steaming 

the  pat  sticks  to  the  glass  plate.  Should  it  leave  the  plate,  however,  distortion 
may  lie  detected  by  applying  the  edge  of  a  ruler  to  the  under  side  of  the  pat. 

Fig.  97  shows  six  pats  which  have  been  steamed.  Fats  E  and  F  have  almost 
entirely  disintegrated,  wliile  B  is  somewhat  better  and  .4  and  D  ahnost  sound. 
Pat  C  has  stood  the  test  successfully. 

The  cold-water  test  is  also  used  (principally  as  a  check  upon  the  steam 
test)  and  consists  in  immersing  a  pat  (similar  to  that  used  for  steam)  in  cold  water 
for  twenty-eight  days,  at  the  end  of  which  time  it  should  show  do  signs  ol 
cracking,  distortion,  or  disintegration. 
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IV  cncks  due  to  disintegration  should  not  be  confused  with  those  due  to 
diying  of  the  pat.  The  former  are  wedge  shaped  and  radiate  from  the  center 
rf  the  pat,  while  the  latter  are  usually  running  across  the  middle  of  the  pat  or 
around  its  edges.  Shrinkage  cracks  due  to  drying  are  usually  developed  io  a 
day  or  so,  and  are  due  to  too  thin  (wet)  a  paste.  Disintegration  cracks  rarely 
appear  until  after  two  or  three  days,  and  are  due  to  expansives  in  the  cement. 
The  cracking  of  the  glass  to  which  the  pnt  is  attached  during  boiling  means 
nothing  to  condemn  the  cement,  and  is  due 
merely  to  unequal  expansion  of  the  pat 
and  glass  by  the  heat  and  a  firm  adhesion 
of  the  one  to  the  other. 

Where  only  a  few  testa  have  to  lie 
made,  a  convenient  form  of  boiler  consists 
of  a  tin  bucket  provided  with  a  tin  top. 
A  few  holes  to  permit  exit  of  the  steam 
are  made  in  the  top  and  a  shelf  of  wire 
net  or  perforated  tin  is  placed  in  the 
bucket.  The  pats  are  set  on  this  and 
ahould  be  at  least  2  ins.  above  the  water. 
Tenale  Strength.  The  tensile  strength 
of  cement  is  tested  both  neat  and  with 
fanA.  Iq  both  tests  the  past^  or  mortar 
ia  DHMilded  into  a  test-piece  called  a  bri- 
quette, shown  in  Fig.  98,  the  least  cross- 
SMtion  of  which  is  1  Bq.in.  in  area.  The 
"wuWb  (Fig.  9B)  should  be  made  of  brass 
"f  bmow.  They  are  made  to  permit  of 
tbe  makiiig  of  but  one  briquette  at  a  time 
(xio^  moulds)  or  to  permit  of  moulding  a 
Qiunbet  of  Imquettes  simultaneously  (gang 
moukb).- 

Tbe  mortar  is  mixed  just  as  described  under  the  heading  "Normal  Con- 
sisteD^,"  about'125  ?rams  of  cement  being  used  for  eaih  neat  bri([uette,  or  500 
granis  lor  ft  ^ng  of  four  bri(|u6tte»<. 

Immediate^  after  mixing  the  mortar  or  paste,  the  moulds  should  be  filled, 
Ite  niBterial  pressed  in  firmly  with  the  fingers  and  smoothed  off  with  a  trowel 
without  ramming;  the  material 
should  be  heaped  up  on  the 
upper  surface  of  the  mould,  and, 
in  smoothing  off,  the  trowel 
should  be  drawn  over  the  niould 
in  Guch  a  manner  as  to  exert  a 
moderate  pressure  on  the  excess 
materials.    The  mould  should  be  turned  over  and  the  operation  repeated. 

The  moulds  containing  the  briquettes  should  then  be  kept  in  a  moist  closet, 
Dt  UDder  a  damp  cloth  until  the  briquettes  have  hardened  sufficiently  to  remove 
ttom  the  moulds,  usually  in  about  four  to  eight  hours.  On  removal  from  the 
MuW,  the  briquettes  should  be  kept  in  the  moist  closet  until  they  are  twenty-four 
Wis  old,  when,  with  the  exception  of  the  one-day  britiuettes,  which  are  broken 
■■wnedJBtely,  they  should  be  placed  in  water,  kept  at  as  near  21°  C.  as  possible. 


F 

-^ — - 

A' 

^ 

.5  for  bhiquette, 
Fig.  98. 


1204 


CEMENT 


The  briquettes  are  then  removed  from  the  water  at  intervals  and  immedialdy 
broken  by  means  of  some  form  of  testing  machine.  Fig.  100  shows  the  Fair- 
banks cement-testing  machine.  In  this  machine  the  briquette  is  held  in  the 
chps,  A'  and  JV,  and  a  stress  is  applied  to  it  through  the  levers,  C  and  R,  bj  the 
weight  of  fine  shot  falling  into  the  bucket,  F.  After  the  specimen  breaks  the 
stress  required  to  rupture  it  is  found  by  weighing  the  shot;  the  beam,  R,  being 
graduated  for  this  purjmBe.  In  placing  the  briquette  in  the  clips  great  care 
must  be  exercised  to  center  it  properly,  as 
cross  strains  tend  to  lower  the  breaking 
strength.  The  briquettes  must  be  broken 
as  soon  as  they  are  removed  from  the 
wat«r  and  the  flow  of  shot  into  the  bucket 
should  be  ho  regulated  as  to  represent  a 
load  of  about  600  lbs.  per  minute. 

Fig.  101  shows  the  RiehI6  automatic 
cemeiit-l«sting  machine.  This  is  a  new 
type  of  machine  which  is  coming  into  general 
use  for  cement  testing,  as  it  does  away 
with  some  of  the  errora  in  the  older  form. 
In  this  type,  the  initial  load  is  avoided  by 
balancing  a  bucket  of  shot  against  a  weight 
and  the  load  is  applied  to  the  test  specimen 
by  allowing  the  shot  to  run  out  of  the 
bucket.  The  load  acting  through  the  levers 
breaks  the  briquette  when  the  shot  is  cut 
off  by  means  of  an  automatic  valve.  The 
shot  flowing  out  of  the  bucket  are  caught 
in  a  large  cup  resting  on  a  spring  scale 
which  registers  the  load.  This  can  be  read 
as  soon  as  the  briquette  breaks.  -  The  beam 
should  be  kept  horizontal  by  means  of  the 
lever  and  worm  gear  as  shown  by  the  pointer  on  the  beam. 

Briquettes  are  usually  broken  in  series  from  two  to  five  each.  The  periods  of 
breaking  are  after  one  day,  seven  days,  twenty-eight  days,  three  months,  six 
months,  one  year,  two  years,  three  years,  five  years,  ten  years,  etc.  The  tests 
of  one  year  and  upwards  are  usually  called  long-time  t«sts.  In  some  laboratories 
only  one-day,  seven-day  and  twenty-eight-day  tests  are  made.  The  one-day 
briquettes  are  broken  exactly  twenty-four  hours  after  they  are  made,  the  seven- 
day  briquettes  seven  days  after,  etc. 

Sand  briquettes  are  made  of  a  mixture  of  one  part  cement  and  three  of 
standard  sand,  and  these  are  first  mixed  dry  and  then  the  water  is  added  and 
the  moulding  done  as  for  neat  briquettes.  The  standard  sand  at  the  present 
time  is  a  natural  sand  from  Ottawa,  111.,  which  is  obtained  from  the  Ottawa 
Silica  Sand  Co,,  Sandusky,  0.  It  should  be  screened  to  pass  a  sieve  made  of 
wires  0.0165  in.  in  diameter  and  of  20  meshes  to  the  linear  inch  and  to  be 
retained  by  a  30-mesh  sieve  (of  0,0112  in.  diameter  wire).  Some  testers,  how- 
ever, use  crushed  quartz,  such  as  is  used  in  the  manufacture  of  sand-paper. 
sized  to  pass  a  No.  20  sieve  and  be  retained  on  a  No.  30.  The  Ottawa  sand, 
however,  gives  the  higher  results.  No  sand  briquettes  are  usually  broken  for 
twenty-four  hour  periods. 


CEMENT 


1205 


The  Btandard  Bpecifications  require  a  minimum  strength  o'.  200  lbs.  with 
eand  after  eeven  days,  and  300  with  sand  after  twenty-eight  days,  and  also  that 
the  average  figures  in  each  cose  must  be  b^er  for  the  latter  than  for  the  former 

The  standard  specifications  now  do  not  require  a  neat  test  to  be  made,  but 
it  m  usually  done  for  information. 

Notes.    After  use,  the  moulds  should  be  scraped  free  of  hardened  cement 
with  a  piece  of  soft  metal  (such  as 
copper  or  zinc),  brushed  off  with  a 
stiff  blacking  brush,  and  wiped  with  a 
cloth  and  a  little  machine  oil. 

Neat  briquettes  should  be  marked 
with  a  stencil  so  as  to  identify  tbem, 
and  the  sand  briquettes  placed  in  the 
water  below  the  neat  ones  in  such  a 
manner  as  to  identify  the  former. 
Usually  the  sand  briquettes  are  placed 
edgewise  in  the  water,  and  the  cor- 
responding neats  are  placed  edgewise 
on  top  of  the  sand. 

Small  troughs  or  tanks  consisting 
merely  of  galvanized  iron  pans,  3  ins. 
deep,  may  be  purchased  and  will  an- 
swer where  only  a  few  tests  are  to 
be  made.  Otherwise  shallow  wooden 
troughs  lined  with  zinc  will  be  found 
convenient.  They  may  be  placed  one 
above  the  other. 

Apparatus   Needed  for  Cement  Testing, 
be  needed  for  cement  testing : 


Fio.  101, 
ltjehl6  Automatic  Cement- esting  Machine. 

The   following   apparatus  will 


1 .  Apparatus  for  specific  gravity,  Le  Chatelier's, 

2.  Scale  for  fineness. 

3.  Sieve— 100  mesh,  standard. 

4.  Sieve — 200  mesh,  standard. 

5.  Vicat  apparatus  (or  Gilmore  needles). 

6.  Trowel— 8  ins. 

7.  Rubber  gloves. 

8.  Measuring  glass — 500  cc.  capacity. 

9.  Slab  of  glass  (or  brass),  24X24  ins: 

10.  Scale,  capacity,  1000  grams. 

1 1 .  Weights  for  above  scale. 

12.  Glass  plates — 1X4  ins. 

13.  Moulds. 

14.  Testing  machine. 

15.  Standard  sand. 

16.  Galvanized  iron  pan,  24X24X13  ins. 


STANDARD  METHOD  FOR   CHEMICAL  ANALYSIS  OF 

PORTLAND  CEMENT  > 

Solution 

One-half  gram  of  the  finely  powdered  substance  is  to  be  weighed  out  iknd, 
if  a  limestone  or  unbumed  mixture,  strongly  ignited  in  a  covered  platinum  cni- 
ciblo  over  a  Btrong  blast  for  fifteen  minutes,  or  longer  if  the  blast  is  not  powerful 
enou|;h  to  effect  complete  conversion  to  a  cement  in  this  time.  It  is  then  tmis- 
feired  to  an  evaporating  dish,  preferably  of  platinum  for  the  sake  of  celerity  in 
evaporation,  moistened  with  enough  water  to  prevent  lumping,  and  5  to  10  cc. 
of  strong  HCl  added  and  di^rested  with  the  aid  of  gentle  heat  and  agitation  until 
solution  is  complete.  Solution  may  be  aided  by  light  pressure  with  the  flattened 
end  of  a  gloss  rod.*  The  solution  is  then  evaporated  to  dryness,  as  far  as  this 
may  be  possible  on  the  bath. 

Silica  (SiOz) 

The  residue  without  further  heating  is  treated  at  first  with  5  to  10  cc,  of 
strong  HCl,  which  is  then  diluted  to  half  strength  or  less,  or  upon  the  residue 
may  be  poured  at  once  a  larger  volume  of  acid  of  half  strength.  The  dish  is 
then  covered  and  digestion  allowed  to  go  on  for  ten  nunutes  on  the  bath,  after 
which  the  solution  is  filtered  and  tlie  separated  silica  washed  thoroughly  with 
water.  The  filtrate  is  again  evaporated  to  drjTiess,  the  residue,  without  fur- 
ther heating,  taken  up  with  acid  and  water  and  the  small  amount  of  silica  it 
contains  separated  on  another  filter  paper.  The  papers  containing  the  residue 
are  transferred  wet  to  a  weighed  platinum  crucible,  dried,  ignited,  first  over 
a  Bunsen  burner  until  the  carhun  of  the  filter  is  completely  consumed,  and  finally 
over  the  blast  for  fifteen  minutes  and  checked  by  a  further  blasting  for  ten 
minutes  or  to  constant  weight.  The  silica,  if  great  accuracy  is  desired,  is  treated 
in  the  crucible  with  about  10  cc.  of  HFI  and  4  drops  of  HjSO.,  and  evaporated 
over  a  low  flame  to  complete  dryness.  The  small  residue  is  finally  blasted,  for 
a  minute  or  two  cooled  and  weighed.  The  difference  between  this  weight  and 
the  weight  previously  obtained  gives  the  amount  of  silica.' 

Alumina  and  Iron  (AI2O3  and  Fe^Os) 

The  filtrate,  about  2,W  cc,  from  the  second  evaporation  for  SiOi,  is  made 
alkaline  with  NHiOH  after  adding  HCl,  if  need  be,  to  insure  a  total  (^  10  to  IS 
cc.  of  strong  acid,  and  boiled  to  expel  excess  of  NHi,  or  until  there  is  but  a  faint 
odor  of  it,  and  the  precipitated  iron  and  alunrdnum  hydrates,  after  settling,  are 
washed  once  by  dccantation  and  t^lightly  on  the  filter.  Setting  aside  the  filtrate, 
the  precipitate  is  dissolved  in  hot  dilute  HCl,  the  solution  passing   into  the 

>  Method  Suggested  for  the  Analysis  of  Limestones,  Raw  Mixtures,  and  Portland 
Cements  by  the  Committee  on  Uniformity  in  Technical  Analysis  with  the  Advice 
of  W.  F.  Hillebrand. 

*  If  anvthing  remains  undecompoeed  it  should  be  serrated,  fused  with  a  little 
NaiCOi,  dissolved  and  added  to  the  original  solution.  Of  course  a  small  amount  of 
separated  non-Kolatinous  silica  is  not  to  be  mistaken  for  undecomposed  matter. 

'  For  ordinary  control  in  the  plant  laboratory  this  correction  may,  perhaps,  be 
neglected;  the  double  evaporation,  never. 
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bealcer  in  which  the  precipitation  was  made.  The  aluminum  and  iron  are  then 
Rprecipitated  by  NHiOH,  boiled  and  the  second  precipitate  collected  and  washed 
on  the  same  filter  used  in  the  first  instance.  The  filter  paper,  with  the  prc- 
(tpitale,  is  then  placed  in  a  weighed  platinum  crucible,  the  iiaper  burned  off 
aad  the  precipitate  ignited  and  finally  blasted  five  minutes,  with  care  to  pre- 
nat  reduction,  cooled  and  weighed  as  AliOi+FeiOi* 

Iron  (Fe203) 

The  combined  iron  and  aluminum  oxides  are  fused  in  a  platinum  crucible 
■t  a  very  low  temperature  with  about  3  to  4  grams  of  KHSOt,  or,  better,  NaHSO,, 
tlie  meit  taken  up  with  so  niuch  dilute  HiSOt  that  there  shall  be  no  less  than 
5  pams  absolute  acid  and  enough  water  to  effect  solution  on  heating.  The 
■olution  is  then  evaporated  and  eventually  heated  till  acid  fumes  come  off 
copiously.  After  cooling  and  redissolving  in  water,  tlie  small  amount  of  silica 
is  filtered  out,  weighed  and  corrected  by  HFI  and  H^0«.'  The  filtrote  ia  reduced 
by  zinc,  or  preferably  by  hydrogen  sulphide,  boiling  out  the  excess  of  the 
latter  afterwards  while  pussing  COj  through  the  flask,  and  titrated  with  per- 
manganate.* The  strength  of  the  permanganate  solution  should  not  be  greater 
than  .0040  gram  Fe,0.  per  cc 

Lime  (CaO) 

To  the  combined  filtrate  from  the  AliOi+FciOi  precipitate  a  few  drops  of 
NHAn  are  added,  and  the  solution  brought  to  boiling.  To  the  boiling  solution 
20  K.  of  a  saturated  solution  of  ammonium  oxalate  are  added,  and  the  boiling 
(ontinued  until  the  precipitated  CadOt  assumes  a  well-defined  granular  form. 
It  a  then  allowed  to  stand  for  twenty  minutes,  or  until  the  precipitate  has 
settled,  and  then  filtered  and  washed.  The  precipitate  and  filter  are  placed 
*^  in  a  platinum  crucible,  and  the  paper  burned  off  over  a  snmll  flame  of  a 
Bunsen  burner.  It  is  then  ignited,  redissolved  in  HCl,  and  the  solution  ma<le 
up  to  100  cc,  with  water.  Ammonia  is  added  in  slight  excess,  and  the  liquid 
is  bo3ed.  If  a  small  amount  of  Al.Oi  separates,  this  ia  filtered  out,  weighed. 
Mid  the  amount  added  to  that  found  in  the  first  determination,  when  greater 
■cniracy  is  desired.  The  lime  is  then  reprecipitated  by  ammonium  oxalate, 
tUowed  to  stand  until  settled,  filtered,  and  washed,*  weighed  as  oxide  by  ignition 
»nd  blasting  in  a  covered  crucible  to  constant  weight,  or  determined  with  dilute 
Audard  permanganate.* 

Magnesia  (MgO) 

The  combined  filtrates  from  the  calcium  precipitates  are  acidifled  with  HCl 
uid  concentrated  on  the  sleam  bath  to  about  ]  50  cc,  10  cc.  of  saturated  solution 

'This  precipitate  pontaine  TiOj,  PiOi,  MmOi. 

''niia  correction  of  AI|()|FeiOi  for  silica  should  not  bo  made  when  the  HFI  cor- 
netion  of  the  main  silica  has  been  omitted,  unless  that  silica  was  obtained  by  only 
toe  evaporation  and  filtration.  After  two  evaporations  and  filtrationa  1  to  2  milli- 
pirns  of  8iOi  are  still  to  be  found  with  the  AUOiFeiOi. 

'  1b  this  way  only  is  the  influence  of  titanium  to  be  avoided  and  a  correct  result 
™«ned  for  iron. 

'The  volun^c  of  wash-water  should  not  be  too  iarjiej  vide  W.  ]*'.  Hildebrand. 

^Tlie  accuracy  of  this    method   admits    of   criticism,   but   i'" ■ 

xpidity  demand  its  insertion. 
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or  Na(NH()HP04  Are  added,  and  the  solution  boiled  for  several  minutM.  It 
is  then  removed  from  the  flame  and  cooled  by  placing  the  beaker  in  ice  vtXa. 
After  cooling,  NHiOH  is  added  drop  by  drop  with  constant  stirring  until  to 
crystalline  ammonium-magnesium  ortho-phosphate  begins  to  form,  and  then 
in  moderate  excess,  the  stirring  being  continued  for  several  minutes.  It  is  then 
set  aside  for  several  hours  in  a  cool  atmosphere  and  filtered.  The  precipitate 
is  redissolved  in  hot  dilute  HCl,  the  solution  made  up  to  100  cc,  1  cc.  of  a  Hat* 
urated  solution  of  Na(NH4)HP0(  added,  and  ammonia  drop  by  drop,  wA\i 
constant  stirring  until  the  precipitate  is  again  formed  as  described  and  the 
ammonia  is  in  moderate  excess.  It  is  then  allowed  to  stand  for  about  two  hours, 
when  it  is  filtered  on  a  paper  or  a  Gooch  crucible,  ignited,  cooled  and  weighol 
aa  MgiPiO?.     Portland  cement  must  hot  contain  more  than 


Alkalies  (K2O  and  NazO) 

For  the  determuiation  of  the  alkalies,  the  well-known  method  of  Prof.  J, 
Lawrence  Smith  is  to  be  followed,  either  with  or  without  the  addition  of  CaCOi 
with  NH/^1. 

Anhydrous  Sulphuric  Acid  (SO3) 

One  gram  of  the  substance  is  ilissolved  in  15  cc.  of  HCl,  filtered  and  residue 
washed  thoroughly.' 

The  solution  is  mnde  up  to  250  cc.  in  a  benker  and  boiled.  To  the  boilin)( 
solution  10  cc.  of  a  saturated  solution  of  BaCIi  are  added  slowly  drop  by  drop 
from  a  pipette  and  the  boiling  continued  until  the  precipitate  is  well  formed, 
or  digestion  on  the  steam  bath  may  be  substituted  for  the  boiling.  It  is  then 
set  aside  o\-er  night,  or  for  a  few  hours,  filtered,  ignited  and  weighed  as  BaSOi. 
Both  specifications  require  cement  to  contain  not  more  than  1.75%  SOi. 

Total  Sulphur 

One  gram  of  the  muteriat  is  weighed  out  in  a  large  platinum  crucible  and  fused 
with  NaiCO)  and  a  little  KNOi,  being  careful  to  avoid  contamination  from  sul- 
phur in  the  gases  from  source  of  heat.  This  may  be  done  by  fitting  the  crucible 
in  a  hole  in  an  asbestos  board.  The  melt  is  treated  in  the  crucible  with  boiling 
water  and  the  hquid  poured  into  a  tall,  narrow  beaker  and  more  hot  water 
added  until  the  mass  is  disintegrated.  The  solution  is  then  filtered.  The  fil- 
trate contained  in  a  No.  4  beaker  is  to  be  acidulated  with  HCl  and  made  up  to 
250  cc.  with  distilled  water,  boiled,  the  sulphur  precipitated  as  BaSOi  and  allowed 
to  stand  over  night  or  for  a  few  hours. 

Loss  on  Ignition 

Half  a  gram  of  cement  is  to  be  weighed  out  in  a  platinum  crucible,  placed 

in  a  hole  in  an  asbestos  board  so  that  about  three-fifths  of  the  crucible  projects 
below,  and  blasted  fifteen  minutes,  preferably  with  an  inclmed  flame.  The 
loss  by  weight,  which  is  checked  by  a  second  blasting  of  five  minutes,  is  the  loss 
on  ignition.     This  must  not  be  more  than  i%. 

'  Evaporation  to  dryness  is  unnecessary,  unlctw  gelatinous  silica  should  have  aepa- 
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May,  1903:  Recent  investigations  have  shown  that  large  errors  in  results 
ue  oftea  due  to  the  lue  of  impure  distilled  water  and  reagents.  The  analyst 
tihould,  therefore,  test  his  distilled  water  by  evaporation  and  his  reagents  by 
^)[HDpriate  tests  before  proceeding  with  his  work. 

Insoluble  Residue 

In  additbn  to  the  above  the  U.  S.  Government  specifications  require  the 
eonent  to  show  not  more  than  1%  insoluble  residue  as  determined  below. 

A  1-gram  sample  is  digested  on  the  steam  bath  in  HCl  of  approximately 
1.035  sp.gr.  until  the  cement  is  dissolved.  The  residue  is  filtered,  washed  with 
hot  water,  and  the  filter  paper  and  contents  digested  on  the  steam  bath  in  a 
5%  solution  of  sodium  carbonate.  The  residue  is  then  filtered,  washed  with 
hot  water,  then  with  hot  HCl  (1.035  sp.gr.)  and  finally  with  hot  water,  then 
ipited  at  a  red  heat  and  weighed.    The  quantity  bo  obtained  is  the  insoluble 


RAPID  METHOD  FOR  CHEMICAL  ANALYSIS  OF 
PORTLAND  CEMENT' 

Before  submitting  the  cement  to  a  chemical  analysis  it  should  be  passed 
through  a  No,  100  test  sieve  to  free  it  from  pieces  of  clinker  too  large  to  be 
quickly  attacked  by  the  acid. 

Weigh  0.5  gram  of  cement  into  a  wide  platinum  or  porcelain  dish.  The 
former  is  the  more  expensive  of  the  two,  but  it  is  a  better  conductor  of  heat 
sod  there  is  no  danger  of  contaminating  the  solution  with  sUica,  etc.,  from  the 
<lish,  if  the  evaporation  is  conducted  in  platinum.  The  silica  can  also  be 
«iilirely  removed  from  a  platinum  dish.  Now  stir  up  the  sample  of  cement  in 
the  dish  with  10  cc.  of  cold  water  until  all  lumps  are  broken  up,  and  add  iimne- 
diaUJy  10  cc.  of  cold  dilute  hydrochloric  acid  {1  :  1).  Place  the  dish  on  a  water 
lath  and  evaporate  to  dryness,  stirring  occasionally.  The  water  bath  will 
evaporate  as  fast  as  anything  else  and  there  is  no  danger  of  the  silica's  spatter- 
iifl,  which  it  is  apt  to  do,  unless  the  operation  is  very  carefully  watched,  when 
a  hot  {date  is  used.  As  soon  as  the  contents  of  the  dish  are  dry,  cool,  add  10 
M.  of  dilute  hydrochloric  acid  and  30  cc,  of  water,  digest  five  or  ten  minutes  on 
the  hot  plate,  filter  and  wash  ten  times  with  hot  water.  Evaporate  the  filtrate 
to  dryness.  Cool,  add  10  cc,  of  dilute  hydrochloric  acid  and  50  cc.  of  water 
to  the  contents  of  the  dish,  cover  with  a  watch-glass  and  digest  on  the  hot  plate 
lor  five  or  ten  minutes.  Filter  off  the  slight  resi<iue  of  silica  on  a  9-cm.  filter, 
vwh  well  (seven  to  ten  times)  with  hot  water  and  put  in  a  weighed  platinum  crucible 
together  with  the  silica  obtained  from  the  first  filtration.  Ignite  over  the  Bunsen 
hurner  until  all  the  filter  paper  is  consumed  and  then  ignite  strongly  over  a 
blast  lamp  for  ten  minutes.  Cool  in  a  desiccator  and  weigh  as  SiOi;  multiply 
thewei^t  by  200  for  per  cent  of  silica,  SiOj. 

Heat  the  filtrate  to  boiling  and  add  a  faint  but  distinct  excess  of  ammonia. 
This  can  be  most  conveniently  done  by  means  of  a  bottle,  fitted  with  a  siphon 
tube,  the  end  of  which  terminates  in  a  jet,  connected  to  it  by  a  short  piece  of 
nibber  tubing,  which  is  closed  by  a  pinch  cock.     The  bottle  stands  on  a  shelf 

'Method  used   in  the   laboratories  of  most  cement   companies  and  f<w  routine 
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over  the  ren^nt  table,  and  the  siphon  extends  to  within  six  inches  of  the  ait- 
face  of  the  table.  The  beaker  is  placed  under  the  jet,  and  the  ammonia  caa 
be  very  carefully  and  conveniently  added  by  pressing  the  pinchcock.  After 
adding  the  ammonia  replace  the  beaker  on  the  hot  plate  and  boil  for  five  minutes. 
Remove  from  the  hot  plate  and  allow  the  precipitate  to  settle.  Filter  onto 
an  11-cm.  filter  paper  and  wash  once  with  hot  water  \o  collect  the  precipitate 
in  the  cone  of  the  filter.  In\crt  the  funnel  over  the  beaker  in  which  the  pre- 
cipitation yras  made  and  wash  practically  all  of  the  precipitate  into  this,  allowing 
the  filter  to  remain  in  the  funnel.  Dissolve  the  precipitate  in  20  cc,  of  10^ 
nitric  acid  (I  :  iO)  and  dilute  the  solution  to  100  cc.  Heat  to  boiling  and  repre- 
eipitate  with  ammonia  as  before.  Boil  for  five  minutes,  allow  the  precipitate 
to  settle  and  filter  through  the  same  filter  paper  as  used  for  the  first  precipitation. 
Wash  once  with  hot  water.  Ignite  carefully  in  a  weighed  crucible  over  a  Bunaen 
burner  and  finally  blast  for  five  minutes.  Cool  and  weigh  as  combined  oxides 
of  iron  and  alumina,  Fe^,+AliOi.  This  precipitate  also  contains  man^ne« 
dioxide,  phosphoric  and  titanic  acids,  all  of  which  are  present  in  small  quantities 
in  the  cement.  Determine  the  iron  oxide  as  directed  further  on,  and  deduct 
from  the  combined  weights  for  the  alumina,  AltOi  (phosphoric  acid,  titanic 
acid,  etc.). 

Make  the  filtrate  from  the  iron  and  alumina  alkaline  with  ammonia;  boil 
and  add  20  cc.  of  boiling  saturated  ammonium  oxalate  solution  (or  better,  3  grams 
of  solid  ammonium  oxalate  dissolved  in  25-50  cc.  of  boiling  water  just  prior  to 
use).  Stir  well,  allow  fifteen  minutes  to  settle,  filter  on  an  11-cm.  filter,  and 
wash  ten  times  with  hot  water,  using  as  little  as  possible  (about  100-125  cc.) 
to  do  the  work  well.     Proceed  as  in  A  or  B. 

A.  Gravimetric.  Place  the  precipitate  in  a  weighed  platinum  crucible, 
ignite,  and  weigh,  after  ignition  over  a  blast-lamp  to  constant  weight,  as  cal- 
cium oxide,  CaO.     Report  as  such. 

B,  Volumetric.  Transfer  the  paper  and  precipitate  to  the  beaker  in  which 
the  latter  was  fonned,  and  opening,  spread  it  out  against  the  upper  side  of  the 
beaker.  Wash  the  precipitate  off  the  paper  with  a  jet  of  hot  water,  fold  the 
paper  over,  add  50  cc.  of  dilute  (10%)  sulphuric  acid  {I  :  10)  to  the  contents 
of  the  beaker,  dilute  to  150  cc.  and  heat  until  the  liquid  is  between  GO  and  90° 
C.  Titrate  with  permanganate  solution  until  the  pink  color  is  produced.  All 
this  time  the  paper  should  be  sticking  to  the  walls  of  the  beaker,  Kow  drop 
this  into  the  solution  and  stir.  The  pink  color  of  the  latter  will  be  disehar^. 
Finish  the  titration  very  carefully  by  adding  permanganate,  a  drop  at  a  tjme, 
and  calculate  the  lime. 

If  the  filtrate  from  the  lime  measures  over  250  cc,  acidify  and  evaporate  until 
this  bulk  is  reached.  This  can  lie  rapidly  done  by  using  a  large  (S  in.)  porcelain 
dish  in  the  following  mamier:  Place  a  piece  of  wire  gauee  on  a  tripod  and  in  the 
center  of  this  a  round  piece  of  thin  asbestos  paper  about  the  size  of  a  silver 
dollar.  Now  place  the  dish  on  this  and  a  Bunsen  burner  turned  fairly  low 
under  the  asliestos  dish.  The  contents  of  the  dish  can  then  be  made  to  evapo- 
rate rapidly,  without  boiling,  by  regulating  the  flame.  When  the  solution 
measures  250  cc,  transfer  to  a  beaker.  If  necessary,  cool  and,  when  perfectly 
cold,  add  15  cc.  of  a  10%  solution  of  sodium  phosphate  and  25  cc.  of  stronj 
ammonia.  Stir  thoroughly  and  set  aside  in  a  cool  place  for  at  least  six  hours. 
Filter,  wash  with  a  mixture  of  water  800  cc,  ammonia  (0.96  sp.gr.)  200  cc,  and 
ammonium  nitrate  100  grams;  place  in  a  weighed  nlatinum  or  porcelain  cruciblf 
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md  ignite  over  a  low  flame  until  all  carbon  is  burned  off.  (Do  not  use  the 
bhit  lamp.)  Cool  in  a  desiccator  and  weigh  as  magnesium  pyrophosphate, 
rtiich  weight  multiplied  by  72,38  gives  the  percentage  of  magnesia,  MgO. 

Weigh  1  gram  of  finely  ground  cement  into  a  small  beaker  and  add  15  cc. 
of  dilute  hydrochloric  acid,  heat  from  ten  to  fifteen  minutes  and  add  a  little 
nter.  Heat  to  boiling  and  filter '  through  a  small  filter,  washing  the  residue 
veil  with  water  and  catchii^  the  filtrate  and  washings  in  a  small  beaker.  Add 
to  the  solution  6  cc.  of  dilute  hydrochloric  acid  and  bring  to  a  boil.  Add  care- 
fully, drop  by  drop,  stannous  chloride  solution  (25  grams  in  100  cc.  of  dilute 
1 : 3  hydrochloric  acid)  until  the  lost  drop  makes  the  solution  colorless.  Add 
3  drops  in  excess.  Remove  from  the  burner  and  cool  the  liquid  by  setting  in 
»  vessel  of  cold  water.  When  nearly  cold,  add  15  cc.  of  saturated  mercuric 
diloride  solution  and  stir  the  liquid  with  a  glass  rod.  Allow  the  mature  to 
itand  for  a  few  minutes,  during  which  time  a  slight  white  precipitate  should 
form.  Run  in  standard  bichromat«  solution  carefully  from  a  burette  until  a 
drop  of  iron  solution  tested  with  a  drop  of  1%  solution  of  potassium  ferri- 
eyuiide  no  longer  shows  a  blue,  but  instead  a  yellow  color.  Multiply  the 
number  of  cc.  of  bichromate  used  by  the  ferric  oxide  equivalent  per  cc.  of  the 
luchromate  and  divide  the  product  by  the  weight  of  the  sample.  The  result 
multiplied  by  100  gives  the  per  cent  of  the  ferric  oxide  in  the  cement.  The 
moRt  convenient  strength  for  the  standard  bichromate  solution  is  3.074  grams 
of  tiie  salt  to  the  liter.  One  cc.  of  this  solution  is  equivalent  to  0.005  gram 
ferric  odde.  It  should  be  standardised  against  iron  wire  or  ferrous  ammonium 
sulphate. 

Weigh  1  gram  of  the  sample  into  a  small  dry  beaker  and  stir  it  up  uith 
10  cc.  of  cold  water  until  all  lumps  are  broken  up  and  the  lighter  particles  are 
in  suspension.  Add  7.5  cc.  of  dilute  (1  :  1)  hydrochloric  acid  and  heat  until 
whilion  is  complete.  Filter  through  a  small  paper  and  wash  the  residue  thor- 
oughly. Dilute  the  filtrate  to  250  cc,  heat  to  boiling,  and  add  10  cc.  of  boiling 
10%  barium  chloride  solution.  Stir  well  and  allow  to  stand  overnight.  Filter, 
ipite,  and  we^  as  BaSOi,  which,  multiplied  by  34.29,  gives  the  percentage  of 
80^ 

Place  one-half  gram  of  the  cement  in  a  clean  platinum  crucible  which  has 
ban  previously  ignited  to  redness  and  cooled  in  a  desiccator.  Cover  with  the 
lid  and  weigh.  Ignite  for  fifteen  minutes  over  a  good  blast  lamp.  Rinse  off 
the  crucible  lid  with  hot  water  to  remove  volatile  salts  condensed  on  the  latter. 
Ignite  the  lid  to  redness  and  cool  the  crucible  and  lid  in  a  desiccator.  Weigh 
■ind  the  loss  in  weight  multiplied  by  200  is  "loss  on  ^ition." 
For  the  alkalies  in  cement  see  analysis  of  clay. 

'  May  be  omitted  if  the  cement  practically  all  dissolves.    Most  cements  do. 


RAPID   METHOD   FOR   CHECKING    THE   PERCENTAOE  OF 
CALCIUM   CARBONATE   IN   CEMENT   MIXTURE 

The  following  rapid  method  is  generally  used  in  the  cement  industry  fot 
checking  the  composition  of  the  ground  mixture  of  raw  materials  before  these 
are  fed  into  the  kiln. 

Standanl  Alkali 

This  should  be  exactly  2/5  normal  and  may  be  prepared  in  any  convaumt 
manner.  Usually  S  or  10  liters  are  made  up  at  one  time  and  kept  in  a  bottle 
provided  with  a  siphon  tube  and  with  a  layer  of  coal  oil  on  top  of  the  solution 
about  i  in.  thick  to  prevent  the  absorption  of  carbon  dioxide  by  the  caustic 
soda. 

Phenolphthalein  should  be  used  as  an  indicator.  A  1%  solution  of  this  is 
employed. 

One  oc.  of  2/5  N  alkali  is  equivalent  to  eitactly  0.02  gram  of  CaCOj  or  to 
2%  where  l^iram  sample  is  used. 

Standard  Acid 

Take  the  specific  gravity  of  a  bottle  of  hydrochloric  acid,  using  a  hydrometer 
for  the  purpose.  Refer  to  a  table  of  specific  gravities  of  hydrochloric  acid  and- 
calculate  from  this  the  quantity  of  acid  necessary  to  contain  97.0  grams  of  HCL 

Measure  this  quantity  of  the  acid  into  a  liter  flask  and  dilute  to  the  marie, 
pour  into  an  8-liter  bottle  and  add  7  liters  of  water,  measuring  with  the  flask. 
Mix  the  contents  of  the  bottle  well  by  shaking.  Ten  cc.  of  this  solution  should 
be  equivalent  to  from  8.1  to  8.5  cc.  of  the  2/5  N  alkali  when  checked  by  adding 
a  drop  of  phenolphthalein  solution  and  running  in  the  alkali  to  a  purple  red 
color.  If  its  value  does  not  lie  between  these  figures  add  acid  or  water  to  make 
it  of  this  strength. 

Standard  Sample 

A  standard  sample  of  raw  material  is  necessary  to  standardize  the  acid  and 
alkali  for  actual  use.  This  sample  should  be  ground  in  the  same  manner  a."; 
the  daily  run  of  samples  to  !«  checked  by  the  acid  and  alkali.  It  should  all 
pass  a  100-mcsh  sieve  and  be  freed  from  hygroscopic  moisture,  by  drying  for 
some  hours,  at  110°  C.  Three  or  four  pounds  of  this  sample  should  be  prepared 
and  kept  in  air-tight  jars  or  bottles.  A  small  sample  (1  or  2  oz.)  of  this  should 
be  placed  in  a  2k)z.  bottle  and  stoppered  with  a  rublier  cork  when  not  in  use. 
This  small  sample  can  then  be  redried  for  an  hour  at  100-110°  C.  and  used 
for  standardizing,  avoiding  the  frequent  opening  and  mixing  of  the  contents 
of  the  large  jars  or  bottles. 

After  drying,  the  standard  sample  should  be  carefully  analysed.  It  should 
contain  approximately  the  quantity  of  carbonate  of  lime  which  it  is  desired  to 
have  in  the  mix,  and  the  amount  of  magnesia  should  also  be  normal.  When 
the  magnesia  varies  at  different  times,  fresh  standard  samples  should  be  pre- 
pared to  contain  these  varjing  percentages  of  magnesia;  otherwise  the  lime 
will  be  reported  incorrectly. 


standardizing  the  Acid 

Wdgfa  1  gram  of  the  st&ndard  sample  into  a  600-cc.  Erknmeyer  flask  and 
nin  in  from  a  pipette  50  cc.  of  standard  acid.  Close  the  flask  with  a  rubber 
stopper,  having  inserted  through  it  a  long  glass  tube  30  ins.  long  and  about  |  in. 
iDtemal  diameter.  Heat  the  flask  on  a  wire  gauze  over  a  burner  as  shown  in 
Fig.  102  until  steam  just  begins  to  escape  from  the  upper  end  of  the  tube.  The 
besting  should  be  so  regulated  that  the  opera- 
tion requires  very  nearly  two  minutes,  from  the 
time  the  heat  applied,  until  steam  issues  from 
the  tube.  Remove  the  flask  from  the  heat,  as 
soon  as  the  steam  escapes  from  the  tube,  and 
rinse  the  tutie  into  the  flask,  in  the  following 
manner.  Rest  the  flask,  still  stoppered,  on  the 
table  and  grasp  the  tube  between  the  thumb 
and  forefinger  of  the  left  hand.  Direct  a  stream 
of  cold  water,  from  a  wash-bottle  in  the  right 
hand,  down  the  tube,  holding  the  latter  inclined 
tt  an  angle  of  45°,  and  rolling  the  flask  from 
side  to  aide  on  the  table,  in  sweeps  of  2  or  3  ft., 
by  twirling  the  tube  between  the  finger  and 
thumb.  Unstopper  the  flask  and  rinse  off  the 
ides  and  bottom  of  the  stopper,  into  the  flask, 
and  wash  down  the  sides  of  the  latter.  A<)d  a  • 
drop  or  two  of  phenolphthalein  and  run  in  the 
itandard  alkali,  from  a  burette,  until  the  color 
changes  to  purple  red.  This  color  is  often 
obscured  until  the  organic  matter  settles,  so  it  ^ 
is  necessary  to  hold  the  flask  to  the  light  and 
observe  the  change  by  glancing  across  the  sur- 
face. A  little  practice  wilt  easily  enable  the 
operator  to  cany  on  the  titration  with  accuracy  and  precision. 

If  the  standard  sample  contains  L  per  cent  carbonate  of  lime  and  d  cc.  of 
alkali  ara  required  to  produce  the  purple  red  color,  then,  to  find  the  carbonate 
of  lime  in  other  samples  it  is  only  necessary  to  subtract  the  number  of  cc.  of  alkali 
required  in  their  case  from  d,  multiply  the  difference  by  2,  and  add  to  L  for 
the  percentage  of  carbonate  of  lime  in  them;  or  the  number  of  cc.  ia  greater 
than  d,  subtract  d  from  this  number,  multiply  by  2,  and  subtract  from  L  for 
the  carbonate  of  lime. 

In  order  to  avoid  all  calculations,  prepare  a  table  giving  the  various  per- 
centages of  carbonate  of  lime  corresponding  to  different  quantities  of  alkali. 

Determination 

Weigh  1  gram  of  the  sample,  which  has  been  ground  to  pass  a  lOO-mesh 
<)tve,  into  the  flask,  add  50  cc.  of  the  standard  acid  and  proceed  as  directed 
under  standardizing  the  acid.  The  percentage  of  carbonate  of  lime  may  be 
found  from  the  number  of  cc.  of  allcali  used  either  from  the  precedii^  table  or 
by  the  formula 

Per  cent  CaCO.  =  L+  (d -S)X2, 


,  Fio.  102. — Apparatus  for  Deter- 
g  Calcium  Carbonate  with 
Acid  and  Alkali. 


where  Z<'and  d  have  the  same  values  as  in  the  paragraph  on  "  Standard  iting 
the  Acid  "  and  S  represents  the  number  of  cc.  required  for  the  sample  whose 
composition  ie  desired. 


ANALYSIS  OF  LIMESTONE,  CEMENT  ROCK,  LIME, 
ROSENDALE  CEMENT,  ETC. 

Dr.  Porter  W.  Shimer,  of  Eaaton,  Fa.,  modifies  the  standard  limestone  scheme 
by  fusing  the  sample  with  half  its  weight  of  sodium  carbonate.  By  this  means 
the  silicates  are  decomposed,  and  yet  the  quantity  of  sodium  carbonate  intio- 
duced  into  the  solution  ts  so  small  that  the  lime  and  m^nesia  precipitates  are 
not  contaminated  with  sodium  salts.    Below  is  the  method. 

Silica,  etc.  Mix  thoroughly  0.5  gram  of  the  finely  ground  sample  with  i 
gram  of  sodium  carbonate.  Place  over  a  low  flame  for  a  few  minutes,  then 
'  gradually  raise  the  flame.  Heat  over  the  full  flame  for  five  minutes  and  Uien 
over  the  blast  lamp  for  five  minutes.  There  will  be  no  complete  fusion,  only 
a  sintering.  Put  the  crucible  in  a  small  beaker  or  casserole  and  add  30  cc.  of 
water  and  10  cc.  of  hydrochloric  acid  (sp.gr.  1.10).  When  the  mass  is  dissolved 
out  of  the  crucible,  rinse  the  latter  off  into  the  beaker  and  remove  any  adhering 
matter  with  a.  rubber-tipped  rod.  To  the  solution  in  the  beaker  or  casserole 
add  a  little  bromine  water  or  &  few  drops  of  nitric  acid,  evaporate  to  diynese 
and  proceed  as  directed  in  the  analysis  of  Portland  cement. 

For  loss  on  ignition,  weigh  into  a  tared  platinum  crucible  0.5  gnun  of  the 
sample.  Heat  at  first  over  a  low  flame,  then  gradually  raise  the  temperature 
and  finally  ignite  over  a  blast  lamp  until  it  ceases  to  lose  we^ht  on  reheating. 
Report  such  loss  in  weight  as  "loss  on  ignition." 

To  determine  iron  and  alumina  separately,  fuse  the  precipitated  ferric  oxide 
and  alumina  with  caustic  potash  in  a  silver  crucible  or  dish.  Treat  with  water, 
boil,  and  filter.  Ignite  the  residue  after  washing  and  weigh  as  ferric  oxide. 
This  weight  subtracted  from  the  combined  weight  of  the  ferric  oxide  and  alumina 
gives  the  weight  of  the  alumina,  Al/)i. 

To  determine  alkalies  in  limestone  use  the  method  described  for  clay,  employ- 
ing 8  grams  of  the  sample  and  1  gram  of  ammonium  chloride,  but  no  calcium 
carbonate. 
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METHODS  FOR  ANALYSIS  OF  GOAL 

Frank  E.  Hai.c  ' 

Such  tremeodous  value  attaches  in  boiler-room  economy  to  the  chanctei 
of  the  fuel  that  the  purchase  of  coal  upon  the  reeulta  of  laboratory  analysis 
has  grown  in  importance.  Specifications  have  been  drawn  with  such  exact 
requirements  that  fairness  to  the  coal  contractor  requires  that  only  e:tact  methods 
of  analysis  be  employed. 

SAMPLING 

In  order  that  the  laboratory  sample  shall  be  representative  of  the  deliverj-, 
great  care  must  be  taken,  however;  the  personal  element  should  be  eliminated 
as  far  as  possible.  When  possible,  coal  should  be  delivered  by  chutes  and  a 
shovelful  taken  at  regular  intervals  tliroughout  the  delivery.  If  deliv««d  in 
wagons  a  portion  should  be  taken  from  each  wagon  load.  Boat  loads  are  be^l 
sampled  while  being  loaded  or  unloaded.  If  a  pile  of  coal  must  be  sampled, 
portions  should  be  taken  from  all  sides,  top  and  bottom.  The  gross  sample  should 
preferably  be  200  pounds  for  deliveries  up  to  100  tons  and  one-tenth  of  1%  of  the 
amount  delivered  for  quantities  over  100  tons.  Larger  sizes  should  be  crushed 
to  at  least  pea  size  (about  j  in.)  and  preferably  under.  The  gross  sample 
should  be  thoroughly  mixed  with  a  shovel,  piled  up,  and  quartered.  Opposite 
quarters  should  then  be  mixed,  piled  up,  and  quartered  again  and  this  con- 
tinued until  a  sample  of  about  5  pounds  is  obtained.'  This  sample  should  then 
be  forwarded  to  the  laboratory  in  a  scaled  moieture-tight  container.  The  most 
satisfactory  container  is  one  made  of  galvanized  iron,  to  prevent  rusting,  c}-lin- 
drical  in  shape  with  screw  cap  flush  with  the  sides.  A  convenient  size  is  6  ins. 
in  diameter  by  8  ins.  height.  Such  a  can  is  readily  cleaned  and  sealed.  Sealing 
is  conveniently  made  by  pasting  a  strip  of  paper  around  the  can  over  the  jtunt, 
or  by  means  of  wax  and  an  impression  seal.  , 

PREPARATION   OF  SAMPLE   FOR  ANALYSIS 

The  laboratory  sample  should  first  receive  a  number  which  should  follow 
the  sample  through  all  phases  of  preparation  in  order  to  avoid  confusion.  The 
whole  sample,  when  received  at  the  laboratory,  should  be  crushed  to  4-meah 
size  or  less.  The  Chipmunk  Jaw  Crusher  is  rapid  and  easily  cleaned,  as  one 
jaw  is  removable.  If  too  wet  to  crush,  causing  clogging  of  the  crusher,  the 
whole  sample  should  be  dried  on  the  steam  bath,  the  moisture  so  lost  determined 
and  added  to  the  analytical  moisture  later  determined  on  the  pulverised  sample. 
Shallow  agateware  pans  large  enough  to  take  the  complete  sample  are  con- 
venient and  should  set  in  large  holes  on  the  steam  bath,  so  that  the  body  ol 

'Director  of  Laboratories,  Dept.  WalerSupply,  Gas  and  E3ectrinity,  New  York  Qty. 
*  The  V.  S.  Bureau  of  Mines  uses  a  It-pound  sample  and  New  York  City  a  7^>oun<i 

sample. 
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the  pan  is  exposed  to  the  ateam  and  drying  is  hast«ned.  A  few  hours  only  ia 
necessaiy.  The  U.  8.  Bureau  of  Mines  dries  in  a  special  oven  with  a  current 
of  dried  air  at  30-35°  C,  but  this  occaaions  a  delay  of  twelve  to  ninety-six  houis. 
The  crushed  sample  should  be  mixed  and  quartered,  preferably  by  hand. 
This  is  best  and  most  rapidly  done  in  the  old-fashioned  way  by  raising  alternately 
the  comers  of  a  lar^je  piece  of  oilcloth  or  rubber  sheet.  The  pile  may  be  quickly 
qUATt«red  by  two  V-shaped  pieces  of  galvanized  iron  to  cut  and  pull  away 
opposite  quarters.  The  remaining  quarters  should  be  again  mixed  and  quar- 
tered in  the  same  way  and  the  process  continued  until  a  100-gram  representative 


portion  is  obtained.  The  discarded  quarlei^  should  be  returned  to  the  can  to 
be  retained  in  case  a  second  analysis  is  desired.  Such  check  analysis  should 
always  be  made  upon  a  freshly  quartered  and  pulverised  sample  of  the  remaii^- 
ing  portions  of  the  original  groas  laboratory  sample. 

The  100-gram  sample  should  then  be  pulverized  in  an  AbW  Ball  Mill  for 
three-quarters  of  an  hour.  The  jar  should  be  nearly  full  to  produce  the  most 
npid  pulverization,  that  is,  contain  the  full  charge  of  pebbles,  about  10  pounds 
for  the  9-in.  jar.  The  speed  of  revolution  should  be  60  per  minute.  Natural 
flint  pebbles  are  least  abraded  and  produce  no  appreciable  effect  upon  the 
uh.    The  ball  milt  has  two  distinct  advantages.    It  conserves  the  moisture 
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of  the  coal  and  it  pulverizes  bo  fine  that  the  coal  will  usually  all  pass  a  60-mt» 
screen  and  a  large  part  the  100-mesh  screen.  This  greater  finenesB  preven 
incomplete  combustion  of  anthracite  coal  in  the  bomb  detenninatJon  to  I 
described  later.  The  pebbles  and  coal  should  then  be  dumped  on  a  cover 
ash-sifter  resting  on  the  oilcloth  or  rubber  sheet,  shaken  quickly  and  pdihl 
and  sifter  brushed  clean.  The  sample  should  then  be  passed  through  tJ 
60-mesh  screen  and  brushed  at  once  into  a  moisture-tight  container.  Aj 
material  retained  on  the  60-mesh  screen,  which  occasionally  happens,  should  i 
quickly  pulverized  in  a  small  steel  mortar.  One-half  pint,  glass-covered  li^tnii 
jars  are  convenient  for  containers. 

As  the  dust  in  coal  sampling  is  so  fine  as  to  penetrate  through  the  clothii 
to  the  skin,  it  is  wise  to  use  an  aspirator  to  protect  the  lungs  and  also  use 
suction  ventilator  to  keep  the  air  fresh  and  clean.  The  auction  should  conne 
with  small  hoods  over  the  crusher  and  over  the  quartering  table. 

METHODS  OF  ANALYSIS 

Moisture.  Moisture  may  be  accurately  determined  on  a  10-gram  samp 
heated  for  one  hour  at  105°  C.  Close  checks  will  be  obtained  and  weighin); 
rapid,  as  the  weight  need  only  be  taken  to  the  nearest  milligram.  Glass  evil 
orating  dishes  of  2i-in.  diameter  are  convenient  for  this  determination.  Tli 
Beans  electric  thermo-regulator  for  gas  has  been  found  very  satisfactory  f( 
oven  regulation,  as  the  oven  may  be  heated  rapidly  and  will  quickly  come  t 
adja^ment. 

Most  laboratories  employ  a  1-gram  sample,  however,  and  later  use  the  residu 
for  ash  determination.  The  Bureau  of  Mines  uses  a  special  drying  oven  and 
specially  prepared  sample  for  moisture.  The  4-mesh  sample  is  crushed  in 
roll  or  coffee-mill  crusher  to  20-mesh,  and  bottJed  quickly  without  sie^-ing. 

Ash.  The  ash  represents  the  mineral  matter  in  coal  after  ignition.  N 
attempt  is  made  in  common  practice  to  calculate  the  original  form  of  the.co] 
stituents.  It  is  l>cst  determined  upon  a  separate  portion  of  coal,  and  pre 
erably  in  silica  crucibles,  as  the  wear  on  platinum  i»  considerable.  Heatii 
should  be  alow  and  careful  at  first,  to  avoid  loss  from  volatile  matter  and 
avoid  the  effect  of  coking.  Later  the  contents  should  be  stirred  with  a  plai 
num  wire  to  facilitate  combustion,  not  neglecting  to  top  the  wire  free  fro 
ash.  The  silica  crucibles  should  rest  on  silica  or  nichrome  triangles.  Sor 
laboratories  employ  a  muffle  furnace  and  others  an  electric  furnace. 

The  residue  from  moisture  may  be  used  for  ash  determination,  but  t 
residue  from  volatile  combustible  matter  should  not  be  so  used,  as  there  is  dan; 
of  mechanical  loss  of  ash  in  the  rapid  heating,  and  the  accuracy  of  the  aa 
figure  is  far  inore  important  than  the  volatile  combustible  matter. 

A  1-gram  sample  is  used  for  the  ash  determination. 

Volatile  Combustible  Matter.  This  determination  is  entirely  empirit 
and  should  be  performed  under  strictly  standard  conditions.  The  deteimic 
tion  is  made  upon  a  1-gram  sample  heated  for  seven  minutes,  timed  by  a  sto 
watch,  in  a  platinum  crucible  of  25-30  cc.  capacity,  and  with  tight-fitting  oovi 
The  crucible  and  cover  should  be  kept  brightly  polished.  A  special  apparat 
should  1)6  arranged.  Construct  a  cylinder  of  asbestos  or  galvanized  iron 
pnitect  flame  and  crucible.  Connect  an  adjustable  Mdker  burner  (Scinuit 
type  is  preferable)  with  a  U-tube  to  measure  gas  pressure.    Arrange  a  platinu 
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wire  from  triangle  to  support  the  bottom  of  crucible  always  at  same  distance 
rram  the  burner. 

Calibrate  the  apparatus  by  adjusting  the  burner  and  pressure  so  that  the 
enicible  is  entirely  surrounded  by  the  flame  and  the  temperature  is  about  950° 
C.  This  may  be  determined  by  an  optical  or  other  pyronieter,  but  most  con- 
veniently by  the  fusing-point  of  potassium  chromate.  Note  the  gas  pressure 
required  and  in  the  analyses  set  the  gas  at  this  pressure.  In  this  way  close 
checks  may  conveniently  be  obtained  when  the  right  conditious  have  been 
determined. 

The  loss  in  wei^t  minus  the  moisture  is  tlie  volatile  comba<!tibIe  matter. 

A  10-20-cc.  crucible  has  recently  been  advocated  to  reduce  the  effect  of 
oridation  by  oxygen  in  the  crucii>le.  Several  different  schemes  have  been 
advocated  in  order  to  obtain  uniform  results.  An  electric  furnace  is  used  by 
some.    Any  method  is  empirical,  as  the  determination  docs  not  represent  any 


Fig.  104,— V.  C.  M.  Apparatus 


^"«iy  definite  constituent  of  the  coal.  Originally  intended  as  a  measure  of 
^tmg  ability  the  V.C.M  i*  now  mainly  a  means  of  discruiiinating  between 
different  kinds  of  coal  and  as  a  means  of  keeping  within  the  Bmi)ke  ordinances. 
Volatile  Sulphur.  The  total  sulphur  in  a  coal  is  of  little  importance.  If 
desired,  it  may  bo  determined  by  the  well-known  Eschka  method.  The  vol- 
atile sulphur  is  of  great  importance  both  in  its  Iwaring  upon  fusibility  by  indi- 
^iatmg  the  presence  of  pyrites  in  the  coal  and  in  its  relation  to  corrosion  by  the 
formation  of  sulphurous  acid. 

Volatile  sulphur  is  detcmiined  in  the  bonib  washings  after  a  calorific  deter- 
tnination.  These  washings  are  filtered  if  necessary  and  titrated  for  noidity 
for  one  of  the  corrections  in  the  calorific  calculation.  The  Kulphur  is  then  deter- 
fnioed  most  rapidly  and  conveniently  by  a  Jackson  Candle  Turbidimeter. 

"The  titrated  solution  is  made  up  to  200  cc.  The  amount  of  acidity  found 
"  used  as  a  guide  in  selecting  the  aliquot  for  the  sulphur  determination.    In 
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TURBIOIUCTRIC    SULFHCR   TaBLE 

For  uae  with  Jackaon'a  candle  turbidimete; 
i-'ulphur  tuid  SO]  rontamed  in  100  c^.  p:esjpitated 
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2.04 

t 

2.7 

o.:j 

15,8 

6.7 

2.88 

7.20 

10.7 

2.03 

2.8 

0,1 

15-3 

6.8 

2,85 

7-13 

10.8 

2.02 

i 

2.9 

5.0 

14,8 

CO 

2-82 

7-05 

10.9 

2,01 

t 

3.0 

5.7 

14.3 

7.0 

2.70 

6.98 

11.0 

2  00 

3.1 

5.5 

13.8 

7.1 

2,76 

6.90 

11. 1 

1.08 

4 

3.2 

5,4 

13-5 

7,2 

2  73 

6,83 

11.2 

1.97 

4 

3.3 

5.2 

13-0 

7,3 

2.70 

6.75 

11.3 

1.95 

A 

3,4 

5.1 

12.8 

7,4 

2.67 

6.63 

11  4 

1,04 

4 

3,5 

5.0 

12.5 

7.5 

2.64 

6.60 

11-5 

1.03 

4 

3,6 

4,85 

12,25 

7.6 

2,61 

6.53 

11-6 

1.92 

4 

3.7 

4.75 

i2.ro 

7.7 

2.59 

6.48 

11,7 

1.91 

4 

3.8 

4,63 

11.75 

7-8 

2,56 

6.40 

.11.8 

1.90 

4 

3.0 

4,52 

11.50 

7-9 

2,54 

6.35 

11.0 

1.80 

4 

4.0 

4.43 

11.25 

S.O 

2.51 

6.28 

12.0 

1.88 

4 

4.1 

4-33 

11.00 

8.1 

2,49 

6.23 

12.1 

1.87 

4 

4.2 

4,24 

10.75 

8,2 

2,47 

6.18 

12,2 

1.86 

4 

4  3 

4.16 

10.50 

8,3 

2,44 

6.10 

12.3 

1.85 

4 

4.4 

4.08 

10,25 

8,4 

2-42 

6,05 

12.4 

1.84 

4 

4.5 

4.00 

10.00 

8.5 

2.40 

6.00 

12.5 

1.83 

4 

4. a 

3.03 

9.83 

8.6 

2.38 

5.95 

12.6 

1.82 

4 

4.7 

3.86 

9.65 

8,7 

2  36 

5.90 

12,7 

1.81 

4 

4,8 

3.79 

0,48 

8.8 

2.34 

5.85 

12.8 

1.80 

4 

4.0 

3-72 

0,30 

8.9 

2.32 

5.80 

12.9 

1.79 

* 
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METRIC    KULPHUH    Table. CailHnil?! 

'^„*- 

Mg. 

Mg. 

"s^- 

Mg. 

Mg- 

Drplh. 
■    Cm. 

Mfr 

a 

13.0 

1-78 

4.45 

17.1 

1.49 

3.73 

21.1 

1.24 

3.10 

13.1 

1.77 

4.43 

17.2 

1,49 

3.73 

21.2 

1.23 

3  08 

13.3 

I-7fl 

4  40 

17.3 

1  48 

3,70 

21.3 

1.23 

3.08 

13.3 

1.75 

4.38 

17.4 

1  47 

3,68 

31.4 

1.22 

3.05 

13.4 

1,74 

4.35 

17,5 

1.47 

3.68 

21.5 

1.21 

3.03 

135 

1  73 

4.33 

17.6 

1.46 

3.65 

21,6 

1.21 

3,03 

13.6 

1  73 

4.33 

17.7 

1  45 

3  63 

21.7 

1.20 

3.00 

13,7 

1.72 

4.30 

17,8 

I.. 14 

3.60 

31.8 

1  30 

3.00 

13. K 

1   71 

4  38 

17.9 

1.44 

3.60 

21  9 

1.19 

2.98 

13.9 

1.70 

4.25 

18. 0 

1.43 

3.58 

22  0 

1.18 

2  95 

14.0 

1.71) 

4  25 

18.1 

1.43 

3,58 

22.1 

1,18 

2  95 

14  1 

1.6!l 

4  23 

18,3 

1.43 

3,55 

32  2 

1  17 

2.93 

14.2 

1.6S 

4  20 

18.3 

1.41 

3.53 

22.3 

1.16 

2.90 

141 

1.67 

4.18 

IS. 4 

1,41 

3.53 

22.4 

1,16 

2.90 

14  4 

1   6fi 

4.15     1 

18.5 

1,40 

3.50 

22.5 

1,15 

2.88 

14  5 

!.»> 

4.15     1 

18.6 

1,40 

3.50 

23.6 

1.15 

2.88 

14  6 

1  H.'i 

4  13 

18,7 

1.39 

3.48 

22,7 

1.14 

2.85 

147 

1  (H 

4  10 

18.8 

1.38 

3.46 

22.8 

1,13 

2.83 

148 

1.63 

4.08 

18.9 

i.;w 

3  45 

32.9 

1.13 

2.83 

14.9 

1.63 

4.05     1 

19,0 

1.37 

3.43 

23.0 

1.12 

2.80 

IS.O 

1.63 

4.05 

19.1 

1,37 

3.43 

23.1 

1.11 

2.78 

iU 

1.61 

4.03 

19-2 

1.36 

3.40 

23  3 

1,11 

2,78 

IS.  2 

1.60 

4.00 

19.3 

1,35 

3.38 

23.3 

1,10 

2.75 

IS.  3 

1.60 

4.00 

19.4 

1,35 

3,38 

23,4 

1.09 

2.73 

13  4 

1.5!) 

3.08 

10.5 

1.34 

3,35 

23,5 

1.08 

2,70 

15  3 

1.51) 

3.98 

19.6 

1.34 

3.35 

23-6 

1.08 

2.70 

13.6 

1.5.S 

3.95 

19.7 

1,33 

3.33 

33.7 

1.07 

2.68 

15.7 

1.57 

3.93 

19  8 

1.33 

3.30 

23,8 

1.06 

2.65 

li.X 

1.5.- 

3.93 

19.9 

1.32 

3.30 

23.9 

1.05 

2.63 

IS. 9 

l.M 

3.90    ; 

20  0 

1.31 

3.2S 

24  0 

1.05 

2. 03 

IB.O 

1.56 

3.90     1 

30.1 

1,30 

3.25 

24.1 

:,04 

2.60 

16  1 

1  55 

3.88     j 

20.3 

1.30 

3  25 

34,2 

1.03 

2.58 

16  2 

1  54 

3.85    ! 

20.3 

1.29 

3.23 

24.3 

1.03 

2.58 

16.3 

1.54 

3.85 

20  4 

1.28 

3.20 

24.4 

1,02 

2  55 

16,4 

1.53 

3.83     ■ 

30,5 

1  38 

3.30 

24.5 

1.02 

2  55 

16  5 

1,53 

3,8:j    ' 

30,6 

1  37 

3.18 

24  6 

1.01 

3,53 

16fl 

1.53 

3.S1I 

30.7 

1.26 

3.15 

24.7 

1.01 

3.53 

16  7 

1  52 

3.80 

20.8 

1.26 

3.15 

24  8 

1.00 

2.50 

18  8 

I  51 

3  78 

20.9 

1.25 

3.13 

24.9 

1.00 

2.50 

16  9 

1  50 

3  75 

21.0 

1.35 

3  13 

25.0 

1.00 

3.50 

IT.O 

1.50 

3.75 
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the  case  of  anthracite  coobi,  the  amount  taken  is  one-fourth  to  one-half;  in 
the  case  of  eoft  coala  from  one-fourth  to  ooe-tenth  of  the  whole." 

"The  aliquot  of  the  solution  to  be  tested  is  measured  into  the  turbidimeter 
tube,  diluted  to  near  the  100-cc.  mark,  shaken,  then  acidified  with  I  cc.  of  1  ^  1 
hydrochloric  acid,  made  up  to  the  mark,  and  mixed  well  by  shaking.  A  barium 
chloride  tablet '  weighinj;  1  gram  and  cojiiprcKscd  without  the  use  of  a  binder 
is  then  dropped  in  and  the  tube  closed  by  means  of  a  clean  rubber  stopper. 
The  tube  is  then  tilted  up  and  down,  causing  tlie  tablet  to  roll  back  and  fortJi 
through  the  solution  by  gravity. 

When  the  precipitation  appears  to  be  complete,  the  remainder  of  the  tablet 
may  be  dissolved  by  rapidly  rotating  the  tube;  but  violent  shaking  should 
be  avoided,  since  it  would  have  a  tendency  to  cause  i^Ki'egation  of  the  pre- 
cipitate. The  turbid  hquid  is  then  transferred  to  a  beaker,  the  candle  lighted, 
a  small  quantity  of  the  liquid  poured  into  the  glass  tube  to  prevent  overhestine 
and  cracking,  and  the  tulie  put  in  place.  More  of  the  liquid  is  then  poured 
in,  allowing  it  to  run  down  the  side  of  the  tu1>e,  rapidly  at  first,  until  the  image 
of  the  flame  becomes  dim,  then  more  slowly,  waiting  a  moment  after  each 
addition  until  the  liquid  in  the  tube  is  quiet,  and  continuing  thus  until  thf 
image  of  the  flame  just  disappears.  The  depth  of  the  liquid  in  centimeters 
is  noted.  The  mixture  is  tlicn  returned  to  the  beaker,  poured  back  and  forth 
from  beaker  to  tube  two  or  three  times,  and  read  again  as  hefore, 

"The  precipitated  solution  is  read  at  least  twice,  and  the  readings  usually 
check  exactly,  unless  they  fall  in  the  upper  part  of  the  tube,  where  they  may 
difTer  by  a  centimeter  without  materially  altering  the  results.  In  this  ca.*^ 
readings  may  lie  averaged.  The  amount  of  sulphur  corresponding  to  the  deptli 
of  liquid  in  the  tulm  is  found  in  the  table,  and  multiplied  by  the  proper 
factor,  depending  on  the  aliquot  of  the  original  solution  taken, 

"All  dilutions  must  be  made  before  precipitation,  for  otherwise  the  result- 
will  not  be  concordant  for  different  dilutions."  The  averse  ti.T:e  required  if 
t«n  minutes  or  leas.  The  method  carried  out  as  described  is  accurate  to  about 
0.05%  sulphur. 

Fixed  Carbon.  Fixed  carbon  is  found  by  addit^  the  moisture,  ash,  and 
volatile  matter  together,  and  subtracting  from  100%. 

Calorific  Value.  Heat  value  is  expressed  as  "small  calorie  (cal,),"  the 
amount  of  heat  rerjuired  to  raise  the  temperature  of  I  gram  of  water  1°  C, 
"large  calorie  (Cal.),"  the  amount  of  heat  required  to  raise  the  tetnperatuie 
of  1  kilogram  of  water  1°  C,  and  "  British  thermal  unit  [B.l.u.),"  the  wnouni 
of  heat  required  to  raise  the  temperature  of  I  pound  of  water  1 "  F.,  at  or  nenr 
39.1°  F.  Small  calories  per  gram  of  coal  multiplied  by  1.8  equal  B.t.u.  per 
pound  of  coal. 

It  is  preferable  to  express  results  as  B.t.u.  pe"-  pound  of  dry  eoal,  iiiste8<i 
of  coal  as  received,  since  comparison  between  different  samples  of  coal  and 
the  rcsult-s  of  different  analysts  and  laboratories  are  facilitated.  The  other 
determinations  except  moisture  are  also  better  expressed  on  the  dry  basis. 

'  TticBc  tablets  arc  iircpared  on  order  by  the  Fraser  Tablet  Co.,  of  Brooklyn, 
N.  Y.,  Fommla  No.  IXS.IW:!. 

On  Binnding  for  some  time,  some  of  the  tablets  become  coaled  with  a  thin  layer 
of  efflorwced  salt.  This  slioiild  be  removed  by  (tentiy  ruhbinjt  between  the  finfieni 
bcroro  usinjt  the  tnhlcl.  It  is  not  ndvixalile  to  keep  the  tablets  m  a  moist  atmosjihere 
to  prevent  this  cfHorescenM',  as  tliey  becone  extremely  hard  and  difficult  to  diesol^-e. 
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As  a  check  upon  accuracy  of  work  and  to  catch  errors,  results  of  B.t.u. 
should  also  be  calculated  to  B.t.u.  per  pound  of  combustible,  that  is,  divide  the 
B.t.u.  dry  basis  by  (100%  minus  the  per  cent  of  ash).  For  the  same  run  of 
coal,  this  value  changes  but  little,  usually  within  200  B.t.u. 

The  calorific  determination  should  be  made  by  means  of  a  bomb  calorimeter. 
The  platinum-hned  Atwater  type  is  convenient.  The  Emerson  is  more  com- 
monly used  in  this  cnuntry. 

Unfortunately  the  Atwater  bomb  is  no  longer  manufactured,  although  it  is 
still  used  by  laboratories  possessing  it.  The  Emerson  bomb  calorimeter  is  an 
excellent  type  available  in  the  American  market. 

One  gram  of  the  60-mesh  sample  of  coal  prepared  for  analysis  is  weighed 
into  a  nickel  capsule  (28  mm.  top  width,  23  mm.  bottom  width,  and  12  mm. 


Tia.  10).  Emerson  Calorimeter  and  Accessories. 


depth)  in  the  bottom  of  which  has  been  placed  an  ignited  disc  of  asbestos  paper. 
The  latter  prevents  incomplete  combustion  of  anthracite  coal  by  preventing 
(hilling  of  the  coal  after  combustion  starts.  In  weighing  large  numbeis  of 
Mnples  a  piece  of  tared  platinum  foil  is  convenient  and  the  coal  transferred 
with  a  camei's-hair  brush  into  the  nickel  capsule.  The  capsule  is  supported  on 
i  platinum  ring  suspended  by  a  platinum  wire  from  the  head  of  the  bomb. 
A  piece  of  iron  fuse  wire.  No.  34  B.  &  S.  gauge,  and  weighing  10  milligrams, 
is  attached  at  one  end  to  the  wire  supporting  the  tray  and  at  the  other  end  to 
another  platinum  wire  extending  downward  from  the  head,  but  insulated  from 
it.  Attachment  of  the  fuse  wire  is  made  by  winding  around  the  platinum 
■ires  several  tinies.  The  center  of  the  fuse  wire  should  dip  into  the  coal 
•li^tly.  A  convenient  method  of  obtaining  pieces  of  fuse  wire  of  uniform 
we^ht  is  to  wind  around  a  flat  piece  of  board  or  cardboard  and  cut  the  loops. 
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The  shell  of  the  bomb  is  rinsed  with  wnter  and  sufHcieut  moiBture,  one-half 
cc,  is  thus  left  to  take  up  the  acids  funned  by  combustion.  The  head  is  next 
joined  gas  tight  to  the  shell  of  the  bomb  by  tlie  collar.  Lead  gaskets  render 
these  joints  tight.  Oxygen  gas  is  slowly  introduced,  so  as  not  to  blow  the 
coal  out  of  the  pan,  until  about  21  atmospheres  pressure  is  recorded  in  the 
bomb.  The  needle  valve  is  then  closed  just  tight  enough  to  prevent  leaka)!''. 
the  valve  on  oxygen  tank  closed  and  the  bomb  disconnected.  Twenty  atmos- 
pheres pressure   should  remain  in  the  bomb  for  the  combustion,  an  amount 


sufficient  for  complete  coniliustiou  of  the  cual  and  an  amount  containing  suf- 
ficient nitrogen  togctlier  with  the  nitrogen  in  tlie  air  trapped  in  the  bomb  to 
cause  the  sulphur  to  burn  to  sulphuric  acid  completely,  unless  the  sulphur  is 
unusually  high. 

The  bucket  is  filled  with  enough  distilled  water,  about  3°  C.  below  the  room 
temperature,  to  make  the  water  equivalent  of  the  calorimeter  some  round  num- 
ber, i.e.,  2000  g.  with  Atwater,  2!K)0  g.  with  Mahler,  or  2350  g.  with  Emerson. 
The  water  is  bait  weighed  on  a  balance,  capable  of  deUcacy  with  such  heaA-y 
weights,  and  tlie  amount  of  water  should  be  sufficient  to  cover  the  bomb.  The 
bomb  is  placed  in  ita  stipport  and  pla<'e<l  in  tlie  wat^r  in  the  bucket.  The  latter 
is  si^  in  tlie  caloruiieter,  the  stirrer  added  so  as  not  to  touch  bomb  or  bucket, 
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MTHB  applied  and  thennometer  placed  in  the  water  an<l  adjusted  so  that  it 
(M  be  read  durii^  the  combustion.  The  thermometers  should  be  special  and 
standardized  by  the  Bureau  of  Standards.  The  Kuess  type  of  Bcckraann  is 
nceilent. 

Connect  the  poles  of  six  dry  cells  to  the  stem  and  insulated  post  of  the  bomb. 
Connectiun  should  be  made  with  a  button  for  firing  the  coal.  It  is  also  con- 
FBaicnt  to  have  a  small  electric  lamp  connected  with  the  button  to  indicate 
that  the  batteries  are  in  condition,  before  a  run  is  started. 

The  calorific  determination  should  be  made  in  a  room  protected  from 
ndden  changes  of  temperature  and  from  draughts.  If  a  current  of  air  strikes 
ths  thermometer  during  a  detennination,  the  results  will  be  untrustworthy. 
Mechanical  stirring  is  preferable  and  should  be  at  a  moderate  rate.  The  stirrer 
>  started  and  after  a  couple  of  minutes  or  so,  when  conditions  have  become 
mufonn,  the  thermometer  is  read  by  means  of  a  telescope  and  readings  taken 
ST«fy  ODe-half  minute  for  six  readings.  Interpolate  to  the  0.001°  C.  A  clock 
Mi&ing  every  half  minute  is  convenient.  After  the  sixth  reading,  fire  the  coal 
bf  |miiHiin[  the  button  connected  with  the  batteries  and  take  approximate 
iM^nglBof  the  thermometer  every  half  minute,  reading  to  the  O.OOl"  C..  as  soon 
M  tba  zisB  is  slow  enough  to  do  so.  After  the  maximum  temperature  has  l>een 
MwfaQd,-take  six  more  readings  at  half-minute  intervals. 

Remove  the  bomb  from  the  bucket  and  allow  the  gas  to  escape  slowly.  Dis- 
the  head  and  rinse  out  the  bomb  thoroughly.  Titrate  the  washings 
N/10  sodium  carbonate,  using  methyl  orange  aa  indicator.  Determine  the 
after  titration,  with  the  turbidimeter  as  under  Volatile  Sulphur. 
CpkaUtioii  of  B.T.U.  The  table  on  page  1226  i.s  an  example  of  an  actual 
■nunatioD,  showing  corrections  as  applied. 

Corections  must  be  applied  to  the  thermometer  in  accordance  with  the 
funiiBhed  for  each' thermometer  by  the  Bureau  of  Standards,  includ- 
correction  for  temperature  of  setting  of  Beckmann  thermometers  and 
stem  correction  for  others. 
HiB  thermometer  should  also  be  fitted  with  a  vibrator  to  overcome  meniscus 
tmr.  This  is  conveniently  done  by  arranging  a  small  electric  vibrator  so 
tluit  the  hammer  hits  the  rubl>er-covcrRd  metal  clamp  supporting  the  ther- 
moDieter.  The  vibrator  should,  of  course,  be  connected  to  a  push-button  and 
dry  batteries. 

Correction  must  also  he  nuule  for  changes  of  tetn))erature  due  to  radiation. 
A  simple  formula  which  yields  results  within  0.002°  C".  aa  compared  with  the 
more  elaborate  fommUc  is  the  following: 


a  ^average  preliminary  periwl  change  per  half  minute; 
6  —average  final  period  change  per  half  minute; 

x=number  of  half-minute  intf^rvuls  of  combustion  period  during  which  the  rise 
of  temperature  (oxpros,sed  to  the  nearest  0.01°)  was  greater  than  10^,  of 
the  total  rise.    This  is  readily  seen  by  inspection ; 
y=reniainingnumlxtrof  half-minute  intervals  of  combustion  period. 
The  algebraic  signs  must  be  observed  in  the  formula. 
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The  end  of  the  combustion  period  is  taken  as  tKe  first  reading  after  tbe 
maximum  temperature.  The  reason  for  tJiis  rests  in  the  fact  that  the  lesl 
maximum  lureiy  occuis  at  a  half-minute  interval  reading,  as  shown  by  a  drop, 
during  the  first  period  after  the  maximum  temperature  read,  of  less  than  the 


sss- 


Combiw- 
period 


NO.   1   BUCKWHEAT  COAL 

Thermometer  used  (Ti),  sera  set  at  20.4°  C. 

Room  Temperature  22.5°  C.    Atwater  bomb. 

Acid  found  equal  7.2  cg.  N/10  Na^CO,X1.45  cal.  =  10.4  calories 

Volatile  sulphur  (aliquot  i)  K.6  cm.  ^  .0048  gram  X 13  cal. '   6.2  calories 

Iron  wire  (10  milligrama)  =  16.0  calories 

32.6  calories 
Corrected  temperature,  end  of  combustion 

period 4.277 

Corrected  temperaturo,  end  of  prelimj- 

naiy  period 0.986 

Apparent  rise  in  temperature  corrected  for 

tnermomel^r  calibration 3.291 

Thermometer  correction  (or  setting  and 
room  temperature +0.022 

Apparent  rise  in  temperature,  corrected 
for  thermometer  settmg 

Radiation  correction: 
^/(-.0014)+(+,0036)\ 

Corrected  rise  in  temperature 3. 

Water  equivalent  (grams) 2000 

Caloriee  (2000x3.334) 6668,0 

Correction  for  acidity,  sulphur   trioxide 

andiron 32.6 

Actual  calorira,  coal  as  received 663S.4 

Calories  {dry  basis)  6635.4  +  .9522  (100% 

—moisture). 6963. 5 

B.Lu.    per    lb.    of     coal     (dry    basis) 

(6968.5X1.8) 12,543 

B.'.ii.  per  lb.  of  Mimbusii)le  (dry  basis) 

12543 -i- .842(100% -ash) 14,897 


in  temperature; 
!^-.0014 


4.225 
4.267 
4. 278 
4.279 
4.27S 


)  +5(+.O0 


3.313 

+0.021 
334 


f  4.273 
4,270 

i  4.268 


Average  fall  in  temperature: 


B.T.U 12,643 

V.C.M 7,7  -;, 

Ash 15,8 

Vol.Bulphur 0.48 

Moisture 4,78 


average  final  change.     Correcting  for  an  extra  combuatioD  interval  counteracts 
this  error. 

The  nitrogen  in  the  coat  and  in  the  air  of  the  bomb  forms  nitric  acid.  This 
does  not  occur  when  coal  is  burned  in  the  furnace,  hence  the  bomb  determi- 
nation is  too  high  by  the  amount  of  heat  thus  produced.  The  calorific  value  of 
nitrogen  burning  to  nitric  acid  is  230  calories  per  gram  of  nitric  acid.    Earli 
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cubic  centimeter  of  N/10  sodium  carbonate  used  in  the  titration  represents 
1.45  calories. 

Furthermore,  sulphur  in  the  furnace  bums  to  the  dioxide  and  in  the  bomb 
to  the  trioxide.  This  exceas  heat  in  the  bomh  must  be  corrected  for  as  well 
as  the  fact  that  all  of  the  above  acidity  is  not  nitric,  but  is  partly  sulphuric 
acid.  This  correction  is  conveniently  made  by  adding  to  the  acidity  correction 
[made  as  if  it  were  all  nitric  acid)  13  calories  for  each  0.01  gram  of  sulphur. 
This  represents  the  excess  which  the  oxidation  correction  is  over  ite  expression 
as  the  formatbn  of  nitric  acid  as  obtained  from  the  titration. 

The  correction  for  the  iron  fuse  wire  is  16  calories  for  each  10  milligranifi. 

All  other  corrections  are  met  by  standardization  under  conditions  similat 
to  those  under  which  the  calorimeter  is  to  be  used.  Such  errors  arise  from  loss 
(rf  beat  by  evaporation  of  water  while  stirring  (probably  covered  by  the  radia- 
tion correctioD],  gain  in  heat  due  to  combustible  gases  in  the  oxygen,  changes 
in  specific  heat  of  water  at  various  temperatures,  changes  in  the  gases  present 
after  combustion,  and  changes  of  pressure  of  the  gases  in  the  bomb.  The  last 
three  errors  are  too  small  to  take  into  account.  The  oxygen  error  has  dis- 
appeared since  the  introduction  of  the  purer  gas  manufactured  by  the  Linde 
Air  Products  Company. 

Inspection  of  the  bomb  contents  should  always  be  made  to  insure  that 
there  are  no  sooty  deposits  or  coal  thrown  from  the  capsule.  Some  coals 
require  to  be  compressed  into  pellets  to  prevent  the  above. 

The  procedure  outlined  above,  using  half-minute  intervals,  saves  considerable 
time  (nearly  one-half)  over  the  usual  procedure  and  produces  very  accurate  results. 

Standardizatioa  of  the  Calorimeter.  While  there  are  several  ways  of 
determining  the  water  equivalent  of  the  calorimeter,  that  is,  the  heat  capacity 
of  the  apparatus  expressed  as  though  it  were  all  water,  only  one  method  should 
be  used  by  commereial  laboratories,  and  that  is  to  bum  in  the  calorimeter  a 
known  weight  of  pure  substance,  the  calorific  value  of  which  has  been  deter- 
mined by  the  Bureau  of  Standards,  WashinRton,  D.  C.  Of  those  furnished, 
benzoic  acid  is  preferable,  as  it  readily  ignites  and  bums  completely.  If  cane 
sugar  should  be  used,  a  few  milligrams  of  benzoic  acid  are  necessary  to  assist 
ignitiDn  and  correction  must  be  made  for  its  heating  value.  Cane  sugar  does 
not  always  bum  completely. 

Procure  standardized  benzoic  acid  from  the  Bureau  of  Standards.  Compress 
into  pellets  by  means  of  pellet  press  sufficient  benzoic  acid  to  produce  approx- 
imately as  many  calories  as  are  given  by  the  coal,  that  is,  about  7000  calories. 
One  gram  of  benzoic  acid  produces  6320  calories.  Determine  in  the  calorim- 
eter the  temperature  rise  produced  by  the  benzoic  acid  with  the  precautions 
used  in  a  regular  coal  analysis,  correcting  for  thermometer  and  radiation  errors. 
Multiply  the  grams  of  benzoic  acid  taken  by  6320  calories,  add  the  calories 
produced  by  formation  of  nitric  acid  as  obtained  from  the  titration  and  add  the 
calories  produced  by  the  iron  fuse  wire.  Divide  this  sum  by  the  corrected 
rise  in  temperature.  The  quotient  is  the  water-equivalent  of  the  calorimeter. 
The  amount  of  water  added  to  the  bucket  is  then  changed  so  as  to  make  the 
total  calorimeter  equivalent  a  roimd  number,  such  as  2000  for  the  Atwater 
or  2900  for  the  Mahler,  or  2350  for  the  Emerson.  The  water  should  entirely 
immerse  the  bomb  and  avoid  spattering  by  the  stirrer.  Then  restandardize 
with  the  new  quantity  of  water.  The  conditions  of  combustion  should  be  as 
dnsely  as  possible  like  those  prevailing  during  regular  coal  analysis. 
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DETERMINATION    OF   FUSIBILITY  OF  COAL   ASH 

This  determination  has  become   of  increasing  importance  in  recent  yca.T 
especially  iii  relation  to  mechanical  stokera  and  gas  manufacture.     The  «»■! 
position  <if  the  ash,  not  its  amount,  is  the  det«rmiiiiiig  factor.     Aluinintk 
tiie  most  refractory  constituent  and  its  fusing-point,  2000°  C,  is  lowered  pro|>cii 
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Fig.  107.— Iloskins  Elcclric  Furnace,  Optical  Pyrometer  in  Position.  Also  (X)  McUrf' 
of  Supporting  Cone  in  Graphite  Block, 

tionately  to  the  amounts  of  ailica,  alkalies,  and  iron  present.     In  many  co»- 
the  amounts  of  all  but  the  latter  do  iiot  lower  the  fusing-point  sufficiently  "* 
cause  trouble,  that  is,  below  ]400°  C,     The  amount  of  iron  becomes  then  ^ 
supreme  hn|HirtaTice,  as  the  last  straw  that  breaks  tlie  camel's  back.     This 
popularly  shown  in  the  classili cation  of  coals  as  red  ash  and  white  ash.    Tfr 
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conditioD  of  the  iron  is  of  great  importance  also,  as  in  the  ferric  condition  it 
has  but  slight  effect,  but  in  feirous  condition  it  lowers  the  fusion-point  greatly. 
The  influence  of  sulphur  upon  fusing-point  probably  depends  upon  the  accom- 
panying presence  of  iron  aa  pyrites.  In  the  coal  bed  in  the  presence  of  burning 
carbon  the  ferric  oxide  may  be  reduced  to  ferrous  oxide  or  not,  according  to 
the  care  of  the  fire  and  the  amount  of  oxygen  supplied.  This  explains  dis- 
crepancies occurring  between  the  facts  of  clinkering  of  the  coal  on  the  grates 
and  the  fusing-point  as  determined  in  a  laboratory  furnace.  The  fusing-point 
varies  in  different  types  of  furnaces  for  the  same  reasons.  It  seems  safest  to 
choose  such  furnaces  in  laboratory  tests  as  give  reducing  atmospheres  and 
bmce  lower  fusing-point,  indicating  the  possible  danger. 

A  convenient  furnace,  for  high  temperatures  especially,  is  the  Hoskins  Elec- 
tric Furnace.  The  heat  is  generated  by  passing  a  heavy  alternating  current 
of  low  voltage  through  a  series  of  carbon  plates.  Temperature  is  regulated 
hy  compression  of  these  plates.  This  furnace  uses  a  60-eycle  alternating  cur- 
rent, 220  volts,  about  40  amperes.  The  current  i^  transformed  by  an  air-cooled 
lraii.>iformer  to  a  current  of  10  volts.  The  maximum  temperature  jmxluced 
by  the  furnace  is  about  2000°  C. 

The  coal  is  burned  to  ash  at  as  low  a  temperature  as  possible  in  clay  dishes. 
The  ash  is  moistened  with  water  and  moulded  into  the  shape  of  a  Soger  cone 
()  in.  by  2\  ins.)  by  pressing  into  a  mould  conveniently  made  of  lead.  A  piece 
of  thin  paper,  moistened,  is  laid  in  the  mould  to  facilitate  removal  of  the  cone. 
Some  coals  may  require  10%  dextrin  paste  as  a  binder,  but  it  is  usually  unnec- 
essary. The  use  of  smaller  cones  has  recently  been  advocated.  The  cones 
may  be  set  in  triangular  holes  in  a  Dixon  graphite  block  and  placed  in  the  furnace 
so  that  the  cone  is  horizontal.  This  position  gives  as  concordant  results  as 
the  vertical  position,  if  not  closer.  The  fusing-point  is  taken  when  the  cone 
droops  into  a  vertical  position.  The  temperature  must  not  rise  too  rapidly 
when  near  the  fusing-point,  about  5°  C.  per  minute.  The  temperature  is  con- 
veniently read  by  a  fixed-focus  total-radiation  pyrometer  or  an  optical  pyrometer 
of  the  Wanner  type.  Reducing  atmospheres  preclude  the  use  of  metallic  couples 
at  high  temperatures. 

Note.  The  methods  in  this  chapter  ore  based  upon  those  in  use  at  the  Mt. 
Proqieet  Laboratory,  of  the  Department  of  Water  Supply,  Gas  and  Mectricity, 
Xew  York  City.  The  method  for  fusibility  was  obtainM  originally  from  the  Lab- 
ontory  of  the  Consolidated  Gas  Company,  New  York  City, 
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Auauarne  H.  Gill' 

SAMPLING 

Tbe  process  ■  consists  id  the  insertion  of  a  suitable  tube  into  the  flue  or  duct, 
and  the  withdrawal  of  the  gas  sought,  by  eome  sort  of  pump. 

Tnbes.  The  tube  employed  varies  with  the  nature  of  the  gas  and  its  tem- 
perature. Ordinarily,  a  combustion  tube  a  met«r  long  of  1&-17  mm.  outside 
diameter,  which  has  been  drawn  down  to  7  mm.  at  one  end,  to  facilitate  the  at- 
tachment of  rubber  tubing,  ia  used.  These  soften  at  about  500°  C.  For  higher 
temperatures  we  have  a  choice  of  quartz,  porcelain  tubes  of  about  the  same  di- 
mensions, or  water-cooled  metal  tubes,  Uncooled  metal  tubes  cannot  beem- 
idoyed  above  250°  without  danger  of  reduction  of  the  oxides  of  the  metals 
oompoeing  the  tube,  by  the  carbonic  oxide  contained  in  the  gases.*    If  porcelain 


Fio.  108. 

tubes  be  used,  they  should  be  glazed  within  and  without,  to  prevent  the  trans- 
fusion through  them  of  the  lighter  gases  like  methane  and  hydrogen:  they,  as 
well  as  ^ass  tubes,  should  be  wanned  before  insertion  into  a  hot  Hue.  The 
construction  of  the  water-cooled  tubes  will  be  evident  from  Fig.  108. 

For  cooling  the  gas,  the  tube  should  not  be  inserted  to  its  full  length. 
Rolls  of  wire  gauze  can  be  inserted  near  the  cool,  drawn-out  end  of  the  tube; 
these  will  serve  for  the  removal  of  soot  and  dust.  The  removal  of  dust  may  be 
further  effected  by  the  use  of  plup  of  asbestos  or  glass  wool. 

The  place  from  which  the  gas  is  collected  should  be  so  chosen  as  to  give  a 
representative  sample,  and  all  openings  except  those  intended  for  the  itdet  of  air, 
stopped  up.  In  a  circular  duct  or  chimney  the  average  velocity  of  the  gases  is 
usually  at  a  point  one-third  the  distduce  from  the  wall  to  the  center.  In  case  of 
a  boiler,  the  setting  should  be  carefully  inspected,  all  cracks  filled  with  mortar, 
and  the  clean  out  doors  made  tight.  The  fact  that  bricks  themselves  are  porous 
nujst  not  be  lost  eight  of,  and  new  settings  should  be  sized  and  given  a  coat  of 
whitewash.    If  possible  the  tube  should  be  inserted  below  the  damper  to  avoid 

'  Profewor  of  Technical  Analysis,  MBsaachuaetta  Institute  of  Technology. 

'See  also  Bureau  Mines  Bulletin,  No.  97,   "ISampting  and  .\nalyzmg  >'ltie  GB.se.i.*' 

'  Fiwher,  "Technologic  djr  BrennstofTe,"  1881),  p.  2iil,  cites  an  inatance  in  wluch 

CO,  was  changed  from   1,5  iu  the  mixture,  to  2H%  by  the  passage  Itvough  an  iron 

tube  heated  to  dull  redness. 
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leakage  from  that  source.  A  second  hole  should  be  made  for  the  mtroduction  of 
an  oil  tube  for  the  thermometer.  The  joints  around  these  tubes  should  be  made 
tight  with  mortar,  plaster  of  Paris,  or  in  the  case  of  a  temporaiy  counectioD. 
putty  or  wet  cotton  waste.  Care  should  i)e  taken  not  to  insert  the  tube  so  close 
to  the  source  of  heat  as  to  withdraw  the  gases  in  a  dissociated  or  partially  decom- 
posed condition.  For  sampling  the  ga.ses  from  different  zones  of  a  blast  funmce, 
water-cooled  tubes  are  made  which  can  be  screwed  together  to  produce  the 
desired  length. 

Pumps.     Where  a  sufficient  head  of  water  (15  or  20  lis  is  enou^  for  our 

purpose)  is  available,  the  Richards  jet  pump,  Fig.  109,  may  be  used     This  can  be 

^.^        easily  constructed  in  glass  as  shown 

in  Fig.  110  and  the  glass  jets  drawn 

4  down  to  suit  the  water  pressure.     It 

may  be  noted  that  the  pump  may  be 

operated  with  st«am  equally  as  well 

as  with  wat«r. 

9  a  head  of  water  be  not 
accessible,  pumpe  employing  a  fall  ( 
water  —  the  B  u  n  s  e 
pump.  Fig.  Ill,  may  h 
used.  This  consists  et 
sentially  of  a  quarter- 
inch  tee,  one  branch  of 
which  is  connected  with 
the  water  supply,  an- 
other with  the  vessel  to 
be  evacuated,  while  the 
third  is  connected  with 
10'  or  15  ft.  of  quarter- 
inch  pipe,  preferably 
lead.  The  water  in  this 
acts  as  a  moving  piston 
and  draws  the  gas  in 
after  it. 
Where  none  of  these  is  available,  some  type  of 
a  power-driven  pump,  or  an  ordinary  rubber  syringe 
bulb  may  be  employed.  Instead  of  these,  two  aspi- 
rator bottles — of  gallon  or  two-gallon  size — will  fur- 
nish the  necessary  suction.  These  are  made  by 
passing  two  glass  tubes  bent  at  right  augles  throuf^ 
each  rubber  stopper  fitting  the  bottles:  one  branch 
of  one  elbow  stops  just  under  the  stopper,  while  a 
branch  of  the  other  goes  to  the  bottom  of  the  bottle. 
The  tul>cs  oarrj'ing  the  long  branches  are  comieeted 
by  a  'A-  or  4-foot  piece  of  quarter-inch  rubber  tubing  provided  with  a  screw  pincb- 
coek.  I'pon  setting  one  bottle  higher  than  the  other  and  blowing  into  its  shorter 
tube,  water  siphons  through  the  longer  into  the  lower  bottle,  producing  suction  in 
the  upper.     Tliis  is  sometimes  used  for  taking  a  continuous  sample  extending 
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■  For  the  highest  v. 


T  32  ft. — the  height  of  the  water  barometer. 
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over  several  hours.    Strong  brine  is  a  suitable  solution  for  the  bottles,  since  it 
possesses  the  advantage  over  water  in  absorbing  less  carbon  dioxide. 

Oontainers  for  Samples.  These  are  of  glass,  preferably  of  the  shape  shown  in 
Fig.  1 12.  Being  pear  shaped,  the  vessel  is  completely  emptied,  leaving  no  liquid 
to  exercise  a  solvent  action  on  the  gas.  The  tub- 
ing shown  in  the  figure  is  of  lead,  which  can  be 
safely  used  for  chimney  gases  aft«r  it  becomes 
attacked  by  them.  Its  obvious  advantage  is  found 
in  the  fact  that  it  bends  rather  than  breaks.  Glass 
bottles — parts  of  the  aspirator  ju.^t  described- 
may  be  ufled;the  rubber  connection  should  be  thick, 
carefully  wii^  on  and  provided  with  screw  pinch- 
cncks.  The  long  tube  should  cany  a  short  piece  of 
rubber  tubing  within  tho  battle  reaching  to  itaside; 
by  tipping  it  the  water  can  be  more  completely  run 
out  through  this  tube.  The  use  of  metal  containeis 
in.  general  is  not  recommended,  as  those  of  zinc  or 
ealvanized  iron  are  attacked  by  carbon  dioxide; 
cbeie  the  gases  do  not  act  upon  the  metals  they 
may  of  couree  be  advantageously  employed.  To 
ensure  tightness,  the  rubber  stoppers  used  should 
be  held  in  by  screws  which  fit  into  a  brass  plate  on 
top  of  the  stopper  and  into  wire  loops  about  the 
neck  of  the  bottle.  This  compresses  the  stopper 
about  the  tubes  and  into  the  bottle  neck,  making 
a  thoroughly  tight  joint.  Or  the  brass  plate  may 
he  replaced  by  a  piece  of  sole  leather  and  wire 
pa.ssed  over  this  afler  the  manner  of  wiring  down 
the  bottles  containing  carbonated  waters. 

The  use  of  rubber  bags  is  not  to  be  recommended,  a 
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K  they  absorb  certain  ga-ses 
and  are  oxidized  by  otliers:  the  most  satisfactory  cimtainers  are  glass  tubes  pro- 
vided with  drawn-out  ends  which  can  be  sealed  in  the  lai.ip  flame. 

In  connecting  up  the  sampling  tube,  container  and  pump,  the  use  of  rubber 
tubing  is  to  be  avoided  as  much  as  possible  for  the  reason  jUMt  given. 


HEASUSEHEHT   OP   GAS   IN   LASGB    QUANTITIES.     METERS 


\  Measure  total  gas  passed — not  for  acid  gases. 


Several  types  of  instruments  are  available  for  this  purpose. 
TTie  wet  meter 
The  dry  meter 

The  Pitot  tube  or  Davis  anemometer  \  For  all  gases  par- 

The  Rotameter  or  Thorp  gauge  ticularly  acid 

TbeCapometer  All  these  measure 

Tiie  Thomas  i  lectric  meter  velocity  simply 

The  orifice  meter 
The  anemometer 

The  first  two  met<TK  show  all  the  gas  passing  thniugh  the  system  while  the 
ijlhers  simply  measure  tho  rate  of  flow;   with  these  the  size  of  the  pipe  must  be 
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known.  Of  all  these  instruments,  the  wet  meter  and  Thomas  meter  are  probably 
the  most  accurate.  They,  however,  like  some  of  the  others,  cannot  be  used  with 
corrosive  gases,  being  condlnicted  of  metal;  hence  the  Pitot  tube,  rotameter  and 
capometer  are  the  ones  to  be  employed  in  chemical  works. ' 

The  wet  meter  consists  of  a  cylindrical  drum  divided  into  four  spiral  comport- 
ments', suspended  in  a  bath  of  wat«r,  surrounded  by  a  tight  casing:  the  pressure 
of  the  gas  causes  the  drum  to  rotate,  emptying  a  drumful  of  gas  into  the  casing 
and  pipes.  It  must  be  set  level,  the  water  level  carefully  adjusted  to  the  maik 
on  the  glass  ft^uge,  with  its  lop  open,  as  well  as  the  inlet  and  outlet  pipes  of  the 
meter.  The  hi^er  the  water  level  the  faster  the  meter.  The  dry  meter  consists 
of  a  pair  of  metal  bellows,  wi  h  sides  of  leather  soaked  in  oil,  on  either  side  of  a 
diaphragm,  and  connected  with  slide  valves  so  that  a  bellowsful  of  gas  is  alternately 
emptied  inl«  the  upper  part  of  the  meter  and  piping.  The  vibrations  of  the 
bellows  produced  by  the  gas  pressure  are  transmitt«d  to  clockwork  and  indexes. 
It  is  to  be  noted  that  the  indexes  apparently  read  one-tenth  of  the  actual  volume 
passed:  the  index  must  make  a  complete  circuit  to  register  the  amount  stamped 
on  the  dial.  A  small  index  and  dial  are  usually  present  for  testing  the  meter,  and 
a  tolerance  of  2%  is  allowed  by  law.  This  testing  is  done  by  meter-pro  vers,  care- 
fully calibrated  gas  holders  kept  at  constant  temperature  and  the  rate  determined 
at  different  speeds.  The  meter-provers  are  in  their  turn,  calibrated  by  a  cubic 
foot,  standardieed  at  the  Bureau  of  Standards.  It  should  be  noted  that  all  this 
calibration  is  corrected,  not  to  standard  conditions  (0°C.  and  760  mm.),  but  to 
the  cubic  foot  as  fixed  by  law— gas  saturated  with  moisture  at  60°  F.  and  30 
inches. 

The  Pitot  Tube.  Fig.113.  ThiaconsistsoftwoglasB-tubes.D.of  about  Ainch 
internal  diameter,  inserted  in  the  gas  stream:  one  is  bent  at  right  angles  and  is 
set  so  that  it  receives  the  impact  of  the  gas  movement:  the  other  merely  registers 
the  pressure  of  the  gas  in  the  pipe.  The 
point  of  insertion  of  these  tubes  in  the 
chimney  or  duct  should  be  in  a  long 
straight  run  of  pipe,  ao  as  to  be  as  free 
from  eddies  as  possible.  Davis '  says 
that  authorities  differ  as  to  whether  the 
tubes  should  be  a  third  or  one-sixth  of 
the  diameter  from  the  circumference  to 
show  the  mean  speed:  he  states  further 
that  each  flue  or  chimney  is  a  separate 
problem  and  as  a  result  of  hundreds  of 
measurements  there  seems  to  be  "no 
Flo.  113.  settled    proportionate    distance    corre- 

sponding to  the  mean  velocity." 
The  glass  tubes  are  connected  by  rubber  tubing,  C,  through  a  reverser,  B, 
with  a  U-tube  A,  which  is  either  set  vertically,  inclined  30°,  or  one  in  ten— this 
carries  a  vernier  rending  to  hundredths  of  an  inch  so  that  readings  to  thousandths 
are  feasible.  The  U  tube  is  filled  with  solutions  of  differeni;  specific  gravity, 
although  ether  of  0.74  sp.gr.  is  the  one  commonly  employed.  The  difference 
between  the  arms  of  the  U  tube  represents  the  difference  between  the  kinetic  and 
static  pressures  of  the  gas  in  the  flue  or  chimney. 

'  "  Handbook  of  Chemical  Engineering,"  1, 197,  also  for  the  tables  for  its  use. 
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The  formula  for  calculating  the  velocity  recammended  by  W.  W.  Scott  ib 

wbere  A  =  vertical  diSereotial  of  gauge  readiaguitermsALiiicbes  of  water.  |  the 
reading  ie  taken  as  the  actual  reading  is  double  that  due  to  flow  pressure  alone. 
0  =  barometric  pressure  of  the  gas  in  inches  of  mer-  -.     ^^ 

cury  (29.92").     M=8pecifie  gravity  compared  with  ^ 

ff  =  l.  Air  =  14.39.  (  =  temperature  of  the  gas. 
r  =  velocity  in  feet  per  second.  The  formula 
I''=42VA  gives  fairly  accurate  results.  Davis 
formula  is 


-^^:-^..s... 


The  Rotameter,  Fig.  114.  This  is  a  German  in- 
strument depending  upon  the  height  to  which  a  float 
ia  carried  in  a  glass  tube  by  the  velocity  of  the  stream 
cf  ^s.  A  modiiication  of  it  was  used  by  some  of  the 
gas-lifditing  companies  under  the  name  of  the  Thorp 
Rauge. 

It  consists  of  a  graduated  glass  tube  fixed  upon  a 
tripod  and  provided  with  a  plumb  line  so  that  it  can 
be  set  ^'ertically:  gas  passes  in  at  the  lower  end,  raises 
the  clay  or  talc  float  to  a  certain  height  and  passes 
out  at  the  top.  The  height  to  which  the  float  is 
raised  is  noted  on  the  graduations  of  the  tube.  The 
formula  for  its  use  is 


K,=.V\ 


F= volume  ^sas  shown  by  reading  of  in- 
strument, M  its  specific  gravity  "  l.Q. 

V  —volume  desired,  A/i  ^-sp.gr.  of  gas. 

It  is  made  in  all  capacities  from  0.2  cu.ft., 
per  hour  up. 

The  Capometer.  Fig.  115.  This  consists 
of  a  series  of  capillary  tubes  of  different  sizes 
through  which  the  gas  is  made  to  pass  and  the 
pressure  thus  produced  noted  in  the  U-tube  A. 
Each  capillary  is  calibrated  and  curves  of  gas 
flow  are  made  corresponding  to  different  pres- 
sures in  the  U-tube  and  various  capillaries. 
An  instrument  made  with  capillaries  1-4  mm. 
in  diameter  has  a  capacity  of  0.004  to  70  cu.ft. 
per  hour. 

The  Thomas  Electric  Gas  Meter.     This 

Fio.  115.  depends  upon  the  principle  that  if  the  specific 

heat  of  the  gas  be  known,  and  an  amount  of 

energy  be  put  into  it,  by  means  of  a  coil,  sufficient  to  keep  a  certain  difference 
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of  temperature  between  two  thermometers,  one  before  and  one  after  the  coil,  this 
energy  is  a  direct  measure  of  the  volume  of  gas  flowing.  Two  electrical  thermom- 
eters are  placed  in  the  stream  of  gas  with  a  heating  coil  between  them:  2°  differ- 
ence of  temperature  is  automatically  maintained  between  the  thednumeters  and 
the  energy  to  presei^-e  thia  difference  of  temperature  (.0127  watt  hour  per  stand- 
ard unit  of  gas)  is  read  off  on  the  meter  as  cubic  feet  of  gas.  It  is  independent  of 
temperature  or  pressure  changes  in  the  gas,  and  is  used  up  to  gaa  pressures  of 
180  lbs.  per  square  inch.  This  is  used  in  a  Western  gas  works  measuring 
200,000  ft.  of  gas  per  hour. 

The  Orifice  Meter.    In  this  the  same  principle  is  used  as  in  measuring  water, 
by  determining  the  diminution  in  pressure  as  registered  on  delicate  gauges  before 
and  aff«r  the  gas  has  passed  through  a  standard 
orifice.     It    is    largely  u-ed  for  measuring   natural 
ga-*. 

The  Anemometer  if  used  ordinarily  for  measur- 
ing currents  of  air  leaving  or  entering  a  room, 
analogous  to  its  employment  in  meteorology. 

The  Gas  Flow  Meter.'  This  consists  of  a  tube 
a,  into  which  capillaries  b  of  different  sizes  can  be 
inserted  h\  a  rubber  stopper  (one  at  a  time).  On 
either  side  of  Ihe  capillary  is  a  T,  the  stems  of  which 
are  joined  together  making  a  U  gauge  c.  This,  when 
filled  with  water  showi  the  differc.ice  in  pressure  of 
the  gas  l)eforc  and  after  passing  through  the  c-apillaries. 
The  apparatus  h  calibrated  by  a  wet  or  dry  meter. 
It  has  a  capacity  of  irom  0.5  to  500  liters  per  hour 
See  Fig.  115o. 


MEASUREMENT  OP  GAS  IN  SMALL  QUANTITIES.     GAS  BURETTES 

Ileri'  may  l>e  mentioned  the  Hempel  gas  burette,  made  for  accurate  work 
with  a  compensation  lube;  the  bulbed  Orsat  or  Bunte  burette;  the  separatory 
funnel  and  graduate. 

The  Hempel  Gas  Burette,  Fig.  122,  consists  of  a  100-cc.  burette  graduated 
in  fifths  of  a  cjibic  centimeter,  provided  with  a  short  capillary  at  the  top  and 
clo.^^ed  with  a  rubl>er  connector  and  pinch-cock,  and  a  wider  tube  at  the  bottom, 
over  which  the  ^-iii.  rubber  tube  is  drawn,  which  cormects  it  with  the  leveling 
tnlx^  of  similar  size  and  length  to  the  burette.  It  is  manipulated  by  filling  the 
leveling  tul>e  completely  with  water,  oi«?ning  the  pinch-cock  on  the  top  of  the 
burette  and  filliaig  it  with  water.  The  gas  to  he  analyzed  is  sucked  in  and 
measured  as  wilh  the  Orsat  apparatus,  p.  1241. 

Separatory  Funnel  and  Graduate,  Fig.  130.  From  the  water  which  has 
flowed  out,  the  quantity  of  gas  can  l>e  determined.     See  p.  1265. 

>  B-nton.  J  I  &  Eng,  Chem  ,  11,  623  (1919). 
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ABSORPTION    APPASATUS,  TUBES,   AND    PIPETTES 

ThL-se  are  quite  varied  ai-c^ording  to  tho  purpose  for  whi(;h  they  arc  intended. 
A  veiy  efficient  form  is  the  Friedrichs  Spiral  Gas  Washing  bottle.  Fig.  116;  here 
the  gas  has  to  pass  through  a  long  spiral  path.  Dennis'  recommcnda  this  for 
the  absorption  of  sulphur  dioxide.  The  gas  is  run  through  a  solution  until  a 
color  change  takes  place.  A\'ere  the  reagent  to  be  washed  out  and  titrated  it 
would  not  seem  so  well  atjaptcd  on  account  of  the  difficulty  of  thoroughly  wash- 
ing it. 

The  Varrentrapp  and  Will  bulbs,  Fig.  117,  the  use  of  which  i.s  evident  from  the 
figure,  arc  used  for  the  absorption  of  ammonia  in  illuminating  gas.    The  Wolft 


Fia  119. 


FiQ.  118. 


abtHirptiun  tulw,  Fig.  1 18,  the  empty  arm  of  which  is  filled  with  beads  or  broken 
glass  is  used  for  the  absorption  of  carbon  monoxide  by  blood.  The  bulbed  tube, 
iwovided  with  a  small  jet,  is  generally  used  for  coiit-ainiug  standard  solutions  of 
acid,  alkali,  or  potansium  permanganate  or,  in  general,  a  solution  which  is  to 
be  titrated  after  absorption.  Where  the  presence  of  a  gas  as,  for  example,  wat«r 
vapor,  is  to  be  determined  by  the  increase  of  we^ht  of  the  reagent  used,  Winkler's 
spiral,  Fig.  119*,  may  be  employed. 

Pipettes— Particularly  for  the  Orsat  .Apparatus.  These  are  ordinarily  filled 
with  glass  tubes,  but  various  modifications  have  been  proposed:  these  are  the 
bubbling  type  of  Hankus,  the  spiral  bubbling  variety  of  Nowicki-Heinz  and  a 
combination  of  the  Friedrichs  wash  bottle  proposed  by  Dennis.  All  these  suffer 
from  the  very  serious  dLsadvaiitnge  of  a  glass  three-way  stopcock  at  the  top,  which 
it  is  practically  impossible  to  prevent  from  sticking,  imless  the  apparatus  be  used 
by  one  person  and  that  one  exceptionally  careful  and  painstaking.  Dennis* 
has  shown  that  one  variety  is  no  more  rapid  than  the  original  and  some  of  the 
others  but  little  more  so.  When  it  is  further  considered  that  they  cost  four  times 
M  much,  *  their  use  would  seem  of  doubtful  expediency. 

'  "  Gas  Analysis,"  p.  274, 1913. 

'Called  "  Winkler's  Bulba  "  in  thp  apfrariitiis  catalogs. 

•lbid.,p.Sa. 

*  Ten  dollars. 
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It  is  mtei«stui|;  to  note  further  that  Anderson  *  has  shown  that  with  the  modi- 
fied [totassium  pyrogallate  which  he  uses,  the  original  Orsst  sii^tly  modified, 
to  allow  the  precipitate  to  settle,  is  the  best. 


EXAMINATION  OF  THE  QASES 

The  qualitative  examination  of  a  gaseous  mixture  is  rarely  re80rt«d  to  in 
technical  work:  a  sufRciently  close  idea  of  the  gases  present  can  be  obtained  by 
a  consideration  of  the  reactions  involved  in  the  various  operations.  It  is,  however, 
not  safe  to  rely  upon  this  in  matters  of  importance,  as  conditions  may  change: 
for  example  if  the  gases  be  dry  or  dilute,  hydrogen  sulphide  and  sulphurous 
anhydride  can  exist  together.  Similarly  in  sewage  gsfes,  all  the  gas  absorbed  by 
cuprous  chloride  is  probably  not  carbon  monoxide.  The  means  of  identifying 
the  different  gases  will  be  found  under  each  gas. 

Detection  and  Determination  of  the  Various  Oases 

Clemens  Winkler  divided  the  gases  into  seven  groups  according  to  theu- 
bchavior  with  various  solvents.    These  were  contained  in  suitable  absorption 
tubes  or  vessels  and  the  gases  passed  through  them.    His  scheme  was  as  follows 
Gases  absorbed  by 

I.  H^,  1.7  sp-gr.;  NH,,  (NA).  N.O,. 
IL  KOH  1.3  8p.gr.;  CI„  HCI,  (CX)„  HCN,  SO.,  H,S,  SiF.,  CO.. 

III.  AgNO,;  PH.,  AbH„  SbH,. 

IV.  Pyro;  0„  (O.). 
V.  CuCl;  CO. 

VI.  Acid  FeSO,  1 :2;  NO. 

Vri.  Unabsorbed;  H,,  CH*,  C.H,,  C.H.,  N.0,  K.,  COS,  and  the  noble  gases. 

The  following  tables  give  the  specific  gravity  referred  to  air,  the  solubility 
in  Water  at  20°,  the  qualitative  tests  and  quantitative  methods  of  determination 
of  these  gases:  additional  means  will  be  found  mentioned  under  the  several  jrases 


Gatss  Abmrbrd  by  H,SO.  1.7  ap.gr- 

Name 

Ammonia. 

Nitrous  anhydride. 

Nitrogen  tetroxide. 

Gravity,air=l 

0.589 

1.590 

Qualitative  Testa.... 

Fumes  w.  HCI  on  a 

Acts  like  a  mixture 

Absorb  in  KOH, 

rod.    Nessler-B  re- 

of NO  and  NO.. 

teat  for  nitrites. 

agent. 

Quantitative  Defn .  . 

Abaorplion  inatan,'.- 

Absorption  in  N/10 

ard  acid.     Or 

KMnO.-2KMi.O, 

3NaBrO-^2NH, 

H-IONOi-fSHiSO, 

=  N,-|-3NaBr-|- 

-f2H,O  =  10HN0, 

3U,0.    Or  absorp- 

-i-K,SO.-J- 

tion  in  water  and 

2MnSO..    Or  in 

pp.  :.91,  537- 

Solubility 20" C,  Ice. 

water  ahsorliscc... 

678                  1 

Forms  HNCHNO, 

■  J.  Ind.  and  Eng.  Chem.,  8, 131-3,  1916. 
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Group  II 

Gatea  Ahiorhed  by  KOH  1.3  sp-gr. 

Sunt 

Chlorine. 

Hydrochloric  acid. 

Cyanogen. 

Qualitative  Test 

KI  ftarch  paper. 

Fumes  w.  NH,. 

Pass  through  mix- 
ture of  FeSO, 

I  :  10-l-KOH, 

II  3. 

and  ppt.  as  Prus- 
sian blue  w.  ferric 
alum  and  H,SO..' 

Quantitative  Det'n . . 

2KI+C1,  =  2KCI  + 
li.     Or  abaorption 
w.  KOH. 

Absorption  in  stand- 
ard alkah   or   sil- 
ver nitrate. 

Solubility  20° C,  Ice. 
water  absorbs  cc . . 

2.15 

442 

4.5 

Sulphur  dioxide. 

"Ssr-- 

MUcon  fluoride. 

Cnrbon  dioxide. 

0-936 

2,213 

1.177 

3.60 

1.520 

AbBorption  in 
KOH  and 
FeSO,  and 
FeCI,  =  Pni8- 
aian  blue.    Ab- 
sorption w. 
KOH  or  acid 

Fuchsinc  paper 
bleached  or 
KIO.  starch 

s5f+2i+2H^ 
-H,80,+2HI 

PbAc]  paper, 
al)BorpUon  by 
I  solution. 

H^+2I  = 
^I+S. 

None 

3SiF.-l-4H^ 
=SiO,H.+ 
2H^iF.. 

BaCH,  on 
black  rod. 

w.  KOH  or 
BaCH,  and 

titration. 

36,4 

2.67 

Group  III 

fi/iws  Absorbed  by  AgNO,. 

arsine. 

nide,  stibjne. 

1   175 

Neutral  H,0  Solu- 
tion KH-HgI,= 

cry  St.  orange  yel. 
ppt.  PHgil,.' 

Blk.ppt'ofABAg,w. 
AgNo.. 

QuaUtatJve  Test 

B5.gg.o,SbA... 

ftawlitativeDefn.. 

Pass  through  Br 
water  and  ppt. 
H.PO4  as  usual. 

Absorb  w.  NaClO 

cont.  3%  CI.' 

Decompose  w. 
tartaric  acid  and 
det.  Sb. 

8ohibility20°C.,  Ice 
nteiabaarbscG... 

0.02 

about  5 

Slight. 

■NausK,  J.  Gasbeleuchtung,  43,  960,  I'JUU. 
'Rhodes,  J.  Ind.  and  Eng.  Ch„  4,  652, 1912. 
•Lemouli,  Comi>t.  rend,  1S9,  47K,  1004, 
•Keckleben,  Z.  ang.  Ch.,  18,  275, 1900. 
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Groitp  V 


Name Oxygen, 


Qualitativi 

Test Darkening  of 

light  brown 
"  pyro." 


By"Pyi^" 
CuCl   m    al>- 
senceof  CO. 


MnCli  paper;  KI 
Starch  paper, 
N,Oi  and  H,0, 
being  removed 
by  KMnO,. 


Abiorbfd  hy       I       Abaofhed  by 
enproue  chloride    f^^O^  1  :  2  acida- 
taled  IT.  ffp'W. 

CarboD  monoxide.  Nitric  oxide. 


n  blood,     Oxidiie,  alisorbin 
KOH  and  test 

/.  Bpeclroscopc.      for  nitrites. 


AI>i<orb  in  FeSO, 
1  :  2  ftcidulated 
w.H^SO.or«ith 
KMnO.asXA. 


Gravity,  a 

T=l..- 

Qualitativ 

Tcst., 

yuantilali 

^Defn 

SoIubihtylWC, 
1  I'l-.  water  ab- 
alksorbH  cc 

Nitroua  oxide. 
1.523 


Hydrogen. 


Curlion  onyRiilphidc. 
■2.074 


UiuAxnriied 


Absorption  t 
Br  water  o 
H,S,0, 


By  -jxpIoKion  with  H, 
or  combustion  w. 
CuO. 


Alcoholic  KOH  1  ;  3 
in  m%  alcohol  by 
weight. 


Nitrogen. 

0,970 


By  absorption  or 
combustion  of  all 
other  f^aaea  and 
measuring  the 
residue  which  also 
contains  the  noble 
gases. 

0.014 


lied  ppl.  w. 
am.  CuCl 
{esplo»iv<-!), 

AsC-H.,wliii 


HHium.  Neon, 
.  rgon,  Krypton, 
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Notes.     Groi'p  I:  NaBrO  is  made  by  saturating  a  10%  solution  of  caustic  soda 


nilh 

Group  II: 
^laes  over  finely  powdered  antimony:  hydrochloric  acid  e: 
!•!  means  of  manganese  dioxide  or  zinc  oxide. 

The  followinf!  reactions  will  serve  to  discriminate  between  HCN  and  (CN)] : 

(CN),+2H,0  +  (HC!)=2CO(NH,)i+(HCl)oxamide. 

HCN+2H.0  +  (HC1)-HC(XJH  +  NH,  +  (HC1)  fonnic  acid. 

Cyanoee-i  is  not  absorbed  by  acid  silver  nitrate  solution,  from  whioh  it  can  be 
sFparated  by  drawing  air  through  iti    hydrocyanic  acid  is  precipitated  under  these 

Ghoup  IV:  Ozone  can  be  determined  by  Wursler's '  method,  consisting  tn  pass- 
ii^  (he  gas  over  paper  moistened  with  freak  para  phenylene  diamine '  and  comparing 
ihe  depth  of  color  produced  with  a  standard  paper.  In  large  quantities  it  can  l>e 
determined  according  to  Treadwcll  and  Anneler '  by  pMsing  through  standard  neutral 
potsasiiini  iodide  and  titration  of  the  hberated  iodine  with  N/IO  sodium  thioaulphate. 


Analysis  of  Gaseous  Mixtures 


effected  by  absorbing  the  various  con- 
volume:  in  ca.se  the  gaa  be  unabsorlrable, 


The  analysis  of  a  gaseous  mixture 
ilituents  and  observing  the  diminution  ii 
M  for  example  methane  (CH,),  it  is 
liumed  and  the  carbon  dioxide  and 
water  determined, 

(a)  Analysis  of  mixtures  far  carbon 
itimile,  oxygen  and  carbon  nwnmdc 
'f-g.  chimney  gases,  producer  and  'ilast 
hnace  gas)  can  be  done  with  any  of 
'he  apparatus  to  be  described.  The 
Onat,  or  Elliott  are  the  forms  usually 
"nploj-ed. 

Id)  Analu^s  of  mixtures  as  in  (o) 
™d  also  containing  conibuntible  gases  as 
hirogm  and  methane,  e.g.,  illuminai i.ift 

The   Orsat  Apparatus.     Desciip- 

•ion.    The  apparatus,  Fig.  ICO,  is  en- 

•■losed  in  a  case  to  permit  of  transpor- 
tation from  place  to  place;  furthermore', 

the  measuring-tube   is    jacketed  wi^l; 

*aler  to  prevent  changes  of  temperr.- 

ture  affecting  the   gas-volume.     The 

apparatus  conaists  essentially  of  the  PiQ-  120. 

lewling-bottle  A,   the  burette  B,  the 

piprttes  P',  P",  P'",  and  the  connecting  tube  T.  Pipette  P'  is  filled  with 
frtassium  (or  sodium)  hydroxide  solution  (see  Reagents)  so  that  when  it  is 
An.vn  up  into  the  front  arm  about  half  an  mch  in  depth  is  left  in  the  rear  arm. 
I^pettes  P"  and  P'"  are  similarly  filled  with  potassium  (or  sodium)  pyrogallate 
U"l  niprous  chloride  solutions  respectively.     These  reagents  require  to  be  pro- 

>  Berichte,  20,  921  (18SS). 

»  Obtainable  from  Schuchardt,  Gftrlitz. 

*  Treadwell-Hall,  "  QuantitAtive  Analysis. " 
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tect«d  from  the  oxygen  of  the  air  by  collapsible  rubber  bags.  As  the  oxygen  In 
the  air  over  the  reagent  is  absorbed,  a  diminutiun  in  pressure  takes  pUce  rendering 
it  difficult  to  bring  the  reagent  to  the  point  on  the  stem:  the  obvious  remedy  is 
to  remove  the  bag  temporarily  and  adjust  the  reagent.  When  the  apparatus  is 
is  first  set  up,  one  or  two  blank  analj-ses  should  be  made,  to  saturate  the  water 
and  reagents  with  the  gases.  For  example  the  potassium  hydroxide  absorbs  carbon 
dioxide,  it  also  absorbs  about  3  cc,  of  oxj-gen,  2  cc.  of  carbon  monoxide  and  1.5 
CO.  of  nitrogen,  by  virtue  of  the  100  cc,  of  water  which  it  contains.  A  change  of 
temperature  of  1°  makes  a  change  of  0.36%  of  the  volume  of  the  gas:  a  change 
of  pressure  of  1  mm,  produces  0,13%  change  in  the  volume. 

Manipulatioa.  The  reagents  in  the  pipettes  should  be  adjusted  in  the  cajnl- 
lary  tubes  to  a  point  on  the  stem  about  midway  between  the  top  of  the  pipette 
and  the  rubber  connector.  This  is  efiected  by  opening  wide  the  pinchcock  upon 
the  coimector,  the  bottle  being  on  the  table,  end  very  gradually  lowering  the 
bottle  until  the  reagent  is  brought  to  the  point  above  indicated.  Six  inches  of 
the  tubing  used  correspond  to  but  0.1  cc.,  so  that  an  error  of  half  an  inch  in  adjust- 
ment of  the  reagent  is  without  influence  upon  the  accuracy  of  the  result.  "The 
reagents  having  been  thus  adjusted,  the  burette  and  cormecting  tube  are  com- 
pletely filled  with  water  by  opening  d  and  raising  the  levcling-bottle.  The 
apparatus  is  now  ready  to  receive  a  sample  of  gas  (or  air  for  practice).  In  case  a 
Hue-gasbtobeanalyzeddisconnectcdwith  t,  Fig.  112,  A  lowered  and  about  102  cc. 
of  the  gaa  forced  over  by  opening  A ;  or  d  may  be  connected  with  a  T-joint  in  the 
gas-stream;  the  burette  after  filling  is  allowed  to  drain  one  minute  by  the  sand- 
glass, c  snapped  upon  its  rubber  tube,  and  the  bottle  A  rai^,  d  to  the  top  of  the 
apparatus.  By  gradually  opening  c  the  water  is  allowed  to  run  into  the  burette 
until  the  lower  meniscus  stands  upon  the  100  or  0  mark  (according  to  the  gradu- 
ation of  the  apparatus).  The  gus  taken  is  thus  compressed  into  the  space  occupied 
by  100  cc,  and  by  opening  d  the  excess  escapes.  Open  c  and  bring  the  letd  of  Da 
water  in  the  bot&e  to  the  same  level  as  the  water  in  the  burette  and  take  the  reading, 
which  should  be  100  cc.  Special  atteotion  is  called  to  this  method  of  reading: 
if  the  bottle  be  raised,  the  gas  is  compressed;  if  lowered,  it  la  expanded. 

Detenninatian  of  Carbon  Dioxide.  The  gas  to  be  analyied  is  invariably 
passed  first  into  pipette  P',  containing  potassium  hydroxide  for  the  absorption  of 
carbon  dioxide,  by  opening  e  and  raising  A.  The  gas  displaces  the  reagent  in  the 
front  part  of  the  pipette,  laying  bare  the  tubes  contained  in  it,  which  being  covered 
with  the  reagent  present  a  large  absorptive  surface  to  the  gas;  the  reagent  moves 
into  the  rear  arm  of  the  pipette,  displacing  the  air  over  it  into  the  flexible  rubber 
bag  which  prevents  its  difTusion  into  the  air.  The  gas  is  forced  in  and  out  of  the 
pipette  by  raising  and  lowering  A,  the  reagent  finally  brought  approximately  to 
ita  initial  point  on  the  stem  of  the  pipette,  the  burett*  allowed  to  drain  one  minute, 
and  the  reading  taken.  The  difference  between  this  and  the  initial  reading 
represents  the  cubic  centimeters  of  carbon  dioxide  present  in  the  gas.  To  be 
certain  that  all  the  carbon  dioxide  is  removed,  the  gas  should  be  passed  a  second 
time  into  P'  and  the  reading  taken  as  before;  these  readings  should  agree  within 
0.1%. 

Determinatioa  of  Oxygen.  The  residue  from  the  absorption  of  carbon 
dioxide  is  passed  Lito  the  second  pipette,  P",  containing  an  alkaline  solution  of 
potassium  pyrogallate,  until  no  further  absorption  will  take  place.  The  difference 
between  the  reading  obtained  and  that  after  the  absorption  of  carbon  dioxide, 
represents  the  number  of  cubic  centimeters  of  oxygen  preset. 
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Determination  of  Carbon  Monoxide.  The  residue  from  the  absorption  of 
oiygen  is  passed  into  the  third  pipotte,  P'",  containing  cuprous  chloride,  until  no 
further  absorption  takes  place;  that  is,  in  this  case  until  readinga  agreeing  exactly 
(not  merely  to  0.1}  are  obtained.  The  difference  between  the  reading  thus  obtained 
and  that  after  the  absorption  of  oxygen,  represents  the  number  of  cubic  centi- 
metera  of  carbonic  oxide  present. 

Determination  of  Hydrocarbons.  The  residue  left  after  all  absorptions  have 
been  made  may  consist,  in  addition  to  nitrogen,  the  principal  constituent,  of  hydro- 
carbons and  hydrogen. 

Accuracy.  The  apparatus  gives  results  accurate  to  0.2  of  1%,  hence  figures 
obtained  by  division  to  O.OI  should  not  be  reported. 

^me  Required.  About  twenty  minutes  are  required  for  an  analyeia;  two 
may  be  made  in  twenty-five  minutes,  using  two  apparatus. 

Notes.  The  method  of  adjusting  the  reagents  is  the  only  one  which  has 
been  found  satisfactory;  if  the  bottle  be  placed  at  a  lower  level  and  an  attempt 
made  to  shut  the  pinchcock  c  upon  the  connector  at  the  proper  time,  it  will  almost 
in\-ariably  result  in  failure. 

The  process  of  obtaining  100  cc.  of  gas  is  exactly  analogous  to  tilling  a  measure 
heaping  full  of  grain  and  striking  off  the  excess  with  a  straightedge;  it  saves 
arithmetical  work,  as  cubic  centimeters  read  off  represent  per  cent  directly. 

It  often  happens  when  e  is  opened,  c  being  closed,  that  the  reagent  P'  drops, 
due  not  to  a  le^,  as  is  usually  supposed,  but  to  the  weight  of  the  column  of  the 
reagent  expanding  the  gas. 

The  object  of  the  rubber  bags  is  to  prevent  the  access  of  air  to  the  reagents, 
those  in  P"  and  P'"  {absorbing  oxygen  with  great  avidity,  and  hence  if  freely  exposed 
to  the  air  would  soon  become  useless. 

Carbon  dioxide  is  always  the  first  gas  to  be  removed  from  a  gaseous  mixture. 
In  the  case  of  air  the  percentage  present  is  so  small,  0.08  to  0.1 ,  as  scarcely  to  be 
wen  with  this  apparatus.  It  is  important  to  use  the  reagents  in  the  order  given; 
if  by  mistake  the  gas  be  passed  into  the  second  pipette,  it  will  absorb  not  only 
oxygen,  for  which  it  is  intended,  but  also  carbon  dioxide;  similarly  if  the  gas  be 
paased  into  the  third  pipette,  it  will  absorb  not  only  carbonic  oxide,  but  also 
oxygen  as  well. 

The  use  of  pinchcocks  and  rubber  tubes,  original  with  the  author,  although 
recommended  by  Naef,  is  considered  by  Fischer  to  be  inaccurate.  The  experi- 
ence of  the  author,  however,  does  not  support  this  assertion,  as  they  have 
been  found  to  be  fully  as  accurate  as  glass  stopcocks,  and  very  much  less  trouble- 
mroe  and  expensive. 

In  case  any  potassium  hydroxide  or  pyrogallate  be  sucked  over  into  the  tube  T 
or  water  in  A,  the  analysis  is  not  spoiled,  but  may  be  proceeded  with  by  connecting 
on  water  at  d,  opening  this  cock,  and  allowing  the  water  to  wash  the  tubes  out 
thoroughly.  The  addition  of  a  little  hydrochloric  acid  to  the  water  in  the  bottle 
A  will  neutralize  the  hydroxide  or  pyrogallate,  and  the  washing  may  be  postponed 
until  convenient. 

After  each  analysis  the  number  of  cubic  centimeters  of  oxygen  and  carbonic 
oxide  should  be  set  down  upon  the  ground^^lass  slip  provided  for  the  purpose. 
By  adding  these  numbers  and  subtracting  their  sum  from  the  absorption 
capacity  (aee  Reagents)  of  each  reagent,  the  condition  of  the  apparatus  is 
bwwQ  at  any  time,  and  the  reagent  can  be  renewed  in  season  to  prevent  incor- 
rect analyses. 
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Elliott  AiQiaratus.    Descriptioii.     The  apparatus  Fig.  121  consists  of  a  burette 
holding  100  cc.  graduated  iji  tenths  of  a  cubic  centimeter  and  bulbed  like  the 
Bunte  apparatus — the  bulb  holding  about  30cc.;  it  is  connected  with  a  leveling- 
bottle  similar  to  the  Orsat  apparatus.    The  top  of  the  burette  ends  in  a  caiullary 
stopcock,  the  stem  of  which   is  ground  square  to  admit  of 
iv)     close  connection  with  the  "  laboratory  vessel,"  an  ungnidu- 
1^      ated  tube  similar  to  the  burette,  except  of  125  cc,  capacity. 
J]  "*   The  top  of  this  "  vessel  "  is  also  closed  with  a  capillary  etop- 
11        ^p3    cock,  carrying  by  a  ground-glass  joint,  or  better  a  rubber  stop- 
A  ^^'  ^  thistle-tube  F,  for  the  introduction  of  the  reagents. 

fed    "        /\      The  lower  end  of  this  "  vessel  "  is  closed  by  a  rubber  stop- 
I^B  \.r       P*''  carrying  a  three-way  cock  o.  and  connected  with  a  level- 

ing bottle  D.  The  burette  and  ^^essel  are  held  upon  a  block 
of  wood — supported  by  a  ring  stand — by  fine  copper  wire 
tightened  by  violin  keys. 

Manipulation.  The  ground-gla-sa  joints  are  lubrieal«d 
with  etopcock  grease,  p.  1269.  The  leveling-bottlea  are  filled 
with  water,  the  stopcocks  opened,  and  the  bottles  raised  until 
the  water  flows  through  the  stopcocks  m  nnd  n.  m  is  con- 
nected with  the  source  whence  the  gas  to  be  analysed  is  to 
be  taken,  n  in  closed,  D  lowered  and  rather  more  than  100  cc. 
drawn  in,  and  m  closed,  n  is  opened,  D  raised  and  E  low- 
ered, nearly  100  cc.  of  gas  introduced,  and  n  closed;  by  open- 
ing m  and  raising  D  the  remainder  of  the  gas  is  allowed  to 
escape,  the  tubes  being  filled  with  water  and  m  closed,  n  is 
opened  and  the  water  brought  to  the  reference  mark;  the 
burette  is  allowed  to  drain  one  minute,  the  level  of  the  water 
in  E  is  brought  to  the  same  level  as  in  the  burette,  and  the 
rcatling  tjiken. 

Detennination  of  Carbon  Dioxide.  By  raising  E,  open- 
ing ji,  and  lowering  D,  the  gas  Is  passed  over  into  the  labora- 
tnry  vessel;  F  is  filled  within  half  an  inch  of  the  top  with 
potassium  hydroxide,  o  closed,  m  opened,  and  the  reagent 
allowed  slowly  to  trickle  in.  A  No.  3  evaporating  dish  is 
placed  under  o,  and  this  turned  to  allow  the  liquid  in  the 
laboratory  vessel  to  run  nito  the  dish.  At  first  this  is  mainly 
water,  and  may  Iw  thrown  away;  later  it  becomes  diluted 
FiQ.  121.  reagent  and  may  be  returned  to  the  thistle-tube.  When  the 
depth  of  the  reagent  in  the  thistle-tube  has  lowered  to  half  an 
inch,  it  shntitd  I>c  refilled  either  with  fresh  or  the  diluted  reagent  and  allowed  to 
run  in  until  the  absorption  is  judged  to  be  complete,  and  the  gas  passed  back 
into  the  burette  for  mea,surement.  To  this  end  close  o  and  then  m,  raise  E, 
open  n,  and  force  some  pure  water  into  the  laboratory  vessel,  thus  rinsing  out 
the  capillary  tul)c.  Now  raise  D  and  lower  E,  shutting  n  when  the  liquid  has 
arrived  at  the  reference-mark.  The  burette  is  allowed  to  drain  a  minute,  thte- 
level  of  the  water  in  the  twttle  E  brought  to  the  same  level  as  the  water  in  *hi— 
burette,  and  the  reading  taken. 

Determination  of  Oxygen.  The  manipulation  is  the  same  us  in  the  pre- — 
ceding  determination,  potassium  pyrogallate  toeing  substituted  for  pota5siui^b~ 
hydrate;  the  apparatus  requiring  no  washing  out. 
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Determination  of  Carbonic  Oxide.  The  laboratory  vessel,  thistle-tube,  and 
bottle  if  necessary,  are  washed  free  from  potassium  pyrogallate  and  the  absorption 
made  with  acid  cuprous  chloride  similarly  to  the  determmation  of  carbon  dioxide. 
The  white  precipitate  of  cuprous  chloride  may  be  dissolved  by  hydroclUoric  acid. 

Accuracy  and  Time  Required.  The  apparatus  is  as  accurate  for  absorptions 
as  that  of  Orsat;  it  is  stated  to  be  much  more  rapid — a  claim  which  the  writer 
cannot  substantiate.  It  is  not  as  portable,  is  more  fragile,  and  more  troublesome 
to  manipulate,  and  as  the  burette  is  not  jacketed,  it  is  liable  to  be  affected  by 
changes  of  temperature. 

Notes.  In  case  at  any  time  it  is  desired  to  stop  the  influx  of  reagent,  o  should  be 
closed  first  aud  then  m;  tne  reason  beinf;  that  Ihe  absorption  may  be  so  rapid  as  to 
suck  air  in  through  o,  m  being  closed. 

The  stopcock  should  be  so  adjusted  as  to  cause  the  reagent  to  spread  itself  as  com- 
pletely as  possible  over  the  sides  of  the  burette. 

By  the  addition  of  an  explosion  tube  it  is  used  for  the  analysis  of  illuminating  gas,' 
bromme  being  used  to  absorb  the  "  illumiDants,"  Winkler  '  stales  that  this  absraption 
is  incomplete;  later  work  by  Treadwcll  aud  Stokes,  and  also  Korbuly,'  has  shown 
that  bromine  water,  by  a  purely  physical  solution,  does  absorb  the  "  illuminants  " 
completelyi  Hempe)  *  states  th^t  explosions  of  hydrocarbons  made  over  water  are 
inaccucatc,  so  that  the  apparatus  can  be  depended  ui)on  to  give  results  upou  methane 
and  hydrogen  only  within  about  2%.  It  is,  however,  very  rapid,  a  complete  analysis 
of  illuminating  gas  can  be  made  with  it  in  fifty-five  minutes. 

Hempel's  Apparatus.  Description.  The  apparatus,  Figu.  122  and  123,  is 
very  similar  in  principle  to  that  of  Orsat;  the  burette  is  longer,  admitting  of  the 
readily;  of  small  quantities  of  gas,  and  the  pipettes  are  separate  and  mounted  in 
brass  clamps  on  iron  stands.  P  shows  a  "  simple  "  pipette »  provided  with  a 
rubber  bag;  this  form,  after  twenty-five  years  of  use,  can  be  said  satisfactorily  to 
take  the  place  of  the  cumbersome  "  compound  "  pipette. 

The  pipette  for  fuming  sulphuric  acid*  is  shown  at  F,  and  differs  from  the 
ordinary  iai  that  vertical  tul>es  after  the  manner  of  those  in  the  Orsat  pijjettes 
replace  the  u^ua)  glass  beads.  This  prevents  the  trapping  of  any  gas  by  the 
filling,  which  was  so  common  with  the  beads  and  glass  wool.  E  represents  the 
lai^  explosion  pipctt*-,'  of  about  250-cc.  capacity,  with  walls  half  an  inch  thick; 
the  explosion  wires  enter  at  the  top  and  bottom  to  prevent  short-circuiting; 
mercury  is  the  confining  liquid.  The  small  explosion  pipette  holds  about  110  cc. 
and  is  of  glass,  the  same  thickness  as  the  simple  pipettes.  Water  is  here  used  as 
the  confining  liquid,  and  also  usually  in  the  burette. 

An  induction  coil  capable  of  giving  a  half-inch  spark,  with  six  dry  cells,  four 
"  cimple  "  pipettes  and  a  mercury  burette,  complete  the  outfit. 

The  burette  should  be  carefully  calibrated  and  the  corrections  may  very  well 
be  etched  upon  it  oppottite  the  10-cc.  divisions. 

In  working  with  the  apparatus  the  pipettes  are  placed  ui>on  the  adjustable 
stand  S  and  connection  made  with  the  doubly  bent  capillary  tube. 

Manipulation.  To  acquire  facility  with  the  use  of  the  apparatus  before 
Ptoceeding  to  the  analysis  of  illuminating  gas,  it  is  well  to  make  the  following 

>  Mackintosh,  Am.  Chem.  Jour.,  9,  294. 

*Zeit.  f.  Anal.  Chem.,  28,  286. 

» Treadwell-Hall's  "Quantitative  Analysis  "  p  509. 

*  " Gasanaly tische  Methoden,"  p.  102. 
•Gill,  Am.  Chem.  J.,  H,  231.  1892. 

•  Ibid.,  J.  Am.  Chem.  Soc,  18,  67,  1896, 
'  Gill,  J.  Am.  Chem.  Soc.  17,  771,  1895. 
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determmationH,  obtaining  "  check-readings  "  in  ( 
(I)  absorption  with  phosphorus;  (2)  absorptit 
pyrogallate;'  (3)  by  explosion  with  hydrogen. 


very  case:  I.  Oxygen  in  air,  I7 
n  with  potassium  (or  sodiuni) 


I.  DETERDUNATIOH  OF  OXYGEN  IH  AIR 

(1)  By  Phosphorus.  ]00  cc.  of  air  are  measured  out  as  with  the  Gnat  appa- 
ratus, the  burette  being  allowed  to  drain  two  minuf«s.  The  rubber  connectois 
upon  the  burette  and  pipette  are  filled  with  water,  the  capillary  tube  inserted,  u 
far  as  it  will  go,  by  a  twisting  motion,  into  the  coimector  upon  the  burette,  thiu 
filling  the  capillary  with  wat«r;  the  free  end  of  the  capillaiy  ia  inserted  into  tlie 


Fig.  122. 


pipette  connector,  the  latter  pinched  so  as  to  form  a  channel  for  the  water  con- 
tained in  it  to  escape,  and  the  capillary  twisted  and  forced  down  to  the  pinchcock. 
There  should  be  as  little  free  space  as  possible  between  the  capillaries  and  the  pinch- 
cock. Before  using  a  pipette,  its  connector  (and  rubber  bag)  should  be  carefully 
examined  for  leaks,  especially  in  the  former,  and  if  any  found  the  faulty  piece 
replaced. 

The  pinchcock  on  the  burette  and  pipette  are  now  opened,  the  air  forced  over 
into  the  phosphorus,  and  the  pinchcock  on  the  pipette  closed;  action  immediately 

<  The  writer  finds  after  an  experience  of  more  than  twenty-five  years  in  the  lab- 
oratory with  hundreds  of  students,  that  sodium  pvTogallale  can  be  used  with  practically 
the  same  results  as  the  potassium  compound.  The  absorption  is  complete,  as  shown 
by  subsequent  treatment  with  cuprous  chloride. 
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ensues,  shova  by  the  white  fumes;  after  allowing  it  to  etand  fifteen  minutes  the 
nddue  b  drawn  back  into  the  burette,  the  latter  allowed  to  drain  and  the  reading 
taken.  The  absorption  goes  on  best  at  20°  C,  not  at  all  below  15°  C;  it  is 
wry  much  retarded  by  small  amounts  of  ethane  and  ammonia.  It  cannot  be 
used  to  absorb  commercial  oxygen.  No  cognizance  need  be  taken  of  the  fog  of 
oxides  of  phosphorus. 

(2)  By  Pyrogallate  of  Potassium.  100  cc.  of  air'  are  measured  out  as  before, 
the  carbon  dioxide  absorbed  with  potassium  hydrats  and  the  oxygen  with  potassium 
pyrogalhtte,  aa  with  the  Orsat  apparatus;  before  setting  aside  the  pyrogallate 
pipette,  the  number  of  cubic  centimeters  of  oxygen  absorbed  should  be  noted  upon 
the  slate  s  on  the  stand.     This  must  never  be  omitted  with  any  pipette  save  po»- 


^bly  that  for  potassium  hydroidde,  as  failure  to  do  this  may  result  in  the  ruin  of 
^  important  analysis.  Tlie  rea-son  for  the  omission  in  this  case  is  found  in  the 
«"^  absorption  capacity— fi>ur  to  five  liters  of  carbon  dioxide — of  the  reagent. 
(8)  By  Ezplo^on  with  Hydrogen.  Forty-three  cc.  of  air  and  57  cc.  of 
''J^gen  are  measured  out,  passed  into  the  small  explosion  pipette,  the  capillary 
'^  tbe  pipett«  filled  with  water,  the  pinchcocks  and  ((lass  stopcock  all  closed,  a 
™svy  glass  or  fine  wire  gauze  screen  placed  between  the  pipette  and  the  operator, 
^  Bpark  passed  between  the  spark  wires,  and  the  contraction  in  volume  noted. 
•V  Kreen  should  never  be  omitted,  as  serimis  acciderUs  may  occur  therti/y.  The 
"^^n  is  represented  by  one-third  of  the  contraction.  For  very  accurate  work 
tbe  sum  of  the  combustible  gases  should  be  but  one-sixth  that  of  the  non-com- 
"•WiWe  gases,  otherwisesome  nitrogen  will  burn  and  high  results  will  be  obtained;* 
'Uti8,(H+0)  :(N-!-H)"I  r  6. 
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n.  ANALYSIS  OF  ILLUMIHATIHG  GAS 

One  hundicd  cc.  uf  gas  arc  nw-asured  from  the  buttle  containing  the  b  iple 
into  the  burette, 

DeteiminatioD  of  Carbon  Dioxide.  The  burette  is  connected  with  the 
pipette  containing  potassium  hydroxide  and  the  gas  passed  into  it  with  shaking 
until  no  further  diminution  in  volume  takes  place. 

Uluminants,  C'sHw,  C«Hut-t  Series. — The  rubber  connectors  are  carefully  dried 
out  with  filter-paper,  a  dry  capillary  used,  and  the  gas  pa.ssed  into  the  pipette 
containing  fuming  sulphuric  acid  and  allowed  to  stand,  with  occasional  passes 
to  and  fro,  for  forty-five  minutes.  On  account  of  tlie  extremely  corrosive  nature 
of  the  absorbent  it  is  not  advisable  to  shake  the  pipette,  as  in  case  of  breakage 
a  serious  accident  might  occur.  I'or  water  gas  this  is  sufficient,  although  in  case 
of  doubt  or  with  richer  gases  check  readings  to  0.2  cc.  should  be  obtained.  It  is 
then  passed  into  potassium  hydroxide,  as  in  the  previous  determination,  to  remove 
any  sulphurous  acid  which  may  have  been  formed  and  any  sulphuric  anhvdride 
vapor,  these  having  a  higher  vapor  tension  than  water.  The  difference  between 
this  last  reading  and  that  after  the  absorption  of  the  carbon  dioxide  represents 
the  volume  of  "  illuminaiits  "  or  "  heavy  hydrocarbons  "  present. 

As  has  already  been  stated,  pagel245,salurated  bromine  water  may  replace 
the  fuming  sulphuric  acid.  Fuming  nitric  acid  it  not  recommended,  as  it  is  liable 
U)  oxidize  carbonic  oxide. 

Oxygen.  This  is  absorlx'd.  as  in  the  analy.si,s  of  air,  by  potassium  or  sodium 
pyrog  dilate. 

Carbonic  Oxide.  The  gas  is  now  passed  into  ammoniacal  cuprous  chloride, 
until  the  reading  is  constant  to  0.2  cc;  it  is  then  pa.':8ed  into  a  second  pipette, 
which  is  fresh,  and  absorption  continued  until  constant  readings  are  obtained. 
The  second  pipette  should  not  have  absorbed  more  than  10  cc.  of  CO, 

Gautier  and  Clausmann'  have  shown  that  some  carbonic  oxide  escapes  solution 
m  cuprous  chloride,  so  that  for  very  accurate  work  it  may  be  necessary  to  pass 
the  gas  through  a  U-tube  containing  iodic  anhydride  heated  to  70°  C, 

This  is  done  by  interposing  this  tube  between  the  burette  and  a  simple  [npette 
filled  with  potassium  hydrate.  The  reaction  is  6C0+I,0,  =5CO,-t-2I.  The  dimi- 
nution in  volume  represents  directly  the  volume  of  carbonic  oxide  present. 

The  volume  of  air  contained  in  the  tulie  should  be  corrected  for  as  follows: 
One  end  of  the  tube  is  plugged  tightly  and  the  other  end  connected  with  the  gas 
burette  partly  filled  with  air.  A  biith  of  water  at  9°  C.  is  placed  around  the 
U-tube  and  the  reading  of  the  air  in  the  gas  burette  recorded  when  constant; 
the  bath  is  now  heated  to  100°  and  the  burette  reading  again  recorded  when 
constant.  The  increase  in  reading  represents  one-third  the  volume  of  the  U-tube, 
273  :  273-1' (100 -9)  ::3  :  4. 

Methane  and  Hydrogen,  (a)  Hitiman's  Method.^  The  gas  left  from  the 
absorption  of  carbonic  oxide  is  passed  into  the  large  explosion  pipette.  About 
half  the  requisite  quantity  of  oxygen  (40  cc.)  necessary  to  bum  the  gas  is  now 
added,  mercury  introduced  throng  the  T  in  the  connector  sufficient  to  seal  the 
capillary  of  the  explosion  pipette,  all  rubber  connectors  carefully  wired,  the  pinch- 
cocks  closed,  and  the  pipette  cautiously  shaken.  A  screen  of  heavy  glass  or  fine 
wire  gauze  is  interposed  between  the  operator  and  the  apparatus,  the  explosion 
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wires  are  connected  with  the  induction  coil,  a  spark  passed  between  them  and  the 
pinchcocks  opened,  sucking  in  the  remainder  of  the  oxygen.  The  capillary  is 
af^in  sealed  with  mercury,  the  stopcock  opened  and  closed,  to  bring  the  contents 
o{  the  pipette  to  atmospheric  pressure,  and  the  explosion  repeated  as  before,  and 
the  stopcock  opened. 

It  may  be  found  expedient  to  increase  the  inflammabiiity  of  the  nurture, 
to  introduce  5  cc.  of  "  detonating  gas."  the  hydrolj-tic  mirture  of  hydrogen  and 
oxygen.  The  gas  in  the  pipette  containing  carbon  dioxide,  oxygen,  and  nitrogen 
is  transferred  to  the  mercury  burette  and  accurately  measured.  The  carbon 
dioxide  resulting  from  the  combustion  of  the  marsh  gas  is  determined  by  absorption 
in  potassium  hydroxide;  to  show  the  presence  of  an  excess  of  oxygen,  the  amount 
remaining  is  determined  by  absorption  with  potassium  pyrogallate. 

The  calculation  is  given  on  page  1250.  For  very  accurate  work  a  second  analysis 
should  be  made,  nuking  successive  explosions,  using  the  percentages  of  methane 
and  hydrogen  just  found  as  a  basis  upon  which  to  calculate  the  quantity  of  oxygen 
to  fee  added  each  time.  The  explosive  mixture  should  be  bo  proportioned  that 
the  ratio  of  combustible  gas  (i.e.,  CH<,  H  and  0)  is  to  the  gases  which  do  not 
bum(i.e.,  Nandthoexccssof  CH.  andH)  as  100  is  to  about  50  (from  26  to  64);' 
otherwise  the  heat  developed  is  so  great  as  to  produce  oxides  of  nitnigen,  which, 
'wing  absorbed  in  the  potassium  hydroxide,  would  affect  the  determination  of  both 
tne  methane  and  the  hydrogen.  The  oxj'gen  should  preferably  be  pure,  although 
"'Oimercial  oxygen,  the  purity  of  which  is  known,  can  be  used;  the  oxygen 
tontent  of  the  latter  should  be  tested  from  time  to  time,  especially  with  different 
samples. 

(6)  Hempel's  Methods  From  12  to  15  cc.  of  the  gas  are  measured  off  into  the 
'>Urette  (e.g.,  13.2  cc.)  anil  the  residue  is  passed  into  the  cuprous  chloride  pipette 
"ir  safe  keeping.  That  in  the  burette  is  now  passed  into  the  small  explosion 
pipette;  a  volume  of  air  more  than  sufficient  to  bum  the  gas,  usually  about  85  cc, 
*  accurately  measured  and  also  passed  into  the  explosion  pipette,  and  in  so  doing 
*ater  from  the  burette  is  allowed  partially  to  fill  the  capillary  of  the  pipette  and 
^ct  as  a  seal.  The  rubber  connectors  upon  the  capillaries  of  the  burette  and 
pipette  are  carefully  wired  on,  both  pinchcocks  shut,  and  the  stopcock  closed. 
The  pipette  is  cautiously  shaken,  the  screen  interposed,  the  explosion  wires  con- 
nected with  the  induction  coil,  a  spark  passed  between  them,  and  the  stopcock 
'mmediately  opened.  The  gas  in  the  pipette,  containing  carbon  dioxide,  oxygen, 
atid  nitrr^en,  is  transferred  to  the  burette,  accurately  measured,  by  reading 
'nimediately,  to  prevent  the  absorption  of  carbon  dioxide,  and  carbon  dioxide 
*ixd  oxygen  determined  in  the  usual  way. 

Calculatioii.  (a)  Hinmait's  Method.  5(i.2  cc.  of  gas  re-mained  after  the 
absorption;  77.4  cc.  of  oxygen  were  introduced,  giving  a  total  volume  of  133.6  cc. 

Residue  after  explosion.  46 . 9  cc. 

Residue  after  CO,  absorption 28,2 

Carbon  dioxide  formed 18.7 

Contraction 133-6-46,9.:  »6.7 

Residue  after  O  absorption 25 . 6 

Oxygen  m  excess 28.2-25.6=     2.6 

'  Bunsen.  "  Gasomelrische  Methoden,"  2(1  cd.,  73,  1877. 
»Hempel,  "  Gas  Analytiache  Methoden,"  3d  ed.,  245,  1901. 
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The  explosion  of  marsh  gas  or  methane  is  represented  by  the  equation 

|CH.  I    +    I    O.    I   I    0,   I     -    I  CO,  I    +    I  H,o|    +    |h,0|.  I 

From  this  it  is  evident  tiiat  the  volume  of  carbon  dioxide  is  equal  to  the  volume  I 
of  methane  present ;  therefore  in  the  above  example,  in  the  56.2  cc.  of  gas  burned,  \ 
there  were  18.7  cc.  methane. 

The  total  contraction  is  duo  (!)  to  the  disappearance  of  oxygen  in  combining 
with  the  hydrogen  of  the  methane,  and  (2)  to  the  union  of  the  free  hydrogen  with 
oxygen.  The  volume  of  the  methane  having  been  found,  (1)  can  be  ascertuned 
from  the  equation  above,  equals  twice  the  volume  of  the  methane;  hence 

86.7 -(2X18.7)  =49.3  cc, 
contraction  which  is  due  to  the  combustion  of  hydrogen.      This  takes  place 
according  to  the  following  reaction:' 

I  H,  I  +  I  H,  I  +  I  o,  I   =  I  H,()  I  +  [  i:^  |. 

Hydrogen  then  requires  for  its  combustion  half  its  volume  of  oxygen,  hen«;e 
this  49.3  cc.  represents  a  volume  of  hydrogen  with  J  its  volume  of  oxygen,  or  -J 
volumes;  hence  the  volume  of  hydrogen  is  32.9  cc. 

(6)  Hempel's  Method.  Of  the  82  cc.  of  gas  remaining  after  the  abeorptions,  13  .2 
ce.  were  used  for  the  explosion ;  86,4  cc,  air  introduced,  giving  a  total  volume  of  99.6  C3  e. 

Residue  after  explosion 78.0  cc. 

Residue  after  COi  absorption 73.2 

Carbon  dioxide  formed 4.8 

Contraction 99-6-78.0=  21 .6 

Residue  after  O  absorption 70 . 2  ■ 

Oxygen  in  excess 73.2-70.2-    3.0 

The  carbon  dioxide  being  equal  to  the  methane  present,  in  the  13,2  cc.  of  ^g" 
burned  there  were  4.8  cc.  of  methane.  The  volume  of  methane  is  found  by  ^^Bh^ 
proportion  13.2  :82::4.S  :  .e,  whence  3r=29. 8  cc. 

The  hydrogen  is  calculated  similarly. 

Another  method  for  the  estimation  of  hydrogen  is  by  absorption  with  palladi^^*"" 
sponge;*  it,  however,  must  be  carefully  prepared,  and  it  ia  the  author's  experie^^"" 
that  one  cannot  be  sure  of  its  efficacy  when  it  is  desired  to  make  use  of  it.  ^ 

still  better  absorbent  of  hydrogen 'is  a  1%  solution  of  palladous  chloride  at  50*  "^-i 
when  fresh  this  will  absorb  20-50  cc.  of  hydrogen  in  ninety  minutes,  A  p^^^ 
portionately  lor^r  time  ia  required  if  more  hydrogen  be  present  or  the  solutv-^" 
nearly  saturated.  The  methane  could  then  be  determined  by  explosion  or  ^y 
mixing  with  air  and  pasKJng  to  and  fro  over  a  white-hot  platinum  spiral  l*^  * 
tubulated  pipette  called  the  grJsoumeter  *  (grisou  =  methane). 

Nitrogen.  There  being  no  direct  and  convenient  method  for  its  estimafc*"" 
with  this  apparatu.'i,  the  percentage  is  obtained  by  finding  the  difference  bet*"^^" 
the  sum  of  all  percentages  of  the  gases  determined  and  100%. 

'  HiO  beine  as  aleam  at  100°  C.     At  ordinary  tempetaturea  this  is  c 
pving  rise  to     total  contraction." 

'  Hcrap<'l,  Berichle,  12,  636  and  1006,  1879. 

•  Campl>cll  and  Hart,  Am.  Chem.  J.,  18,  294.  1896. 

'  Winkler.  Fres.  Zeit.,  88,  269  and  288. 
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Kew '  detenniued  nitrogen  in  illnminating  gas  directly  after  the  method  of 
Dumas  in  org&nic  substances;  150  cc.  of  gas  are  used,  the  hydrocarbons  partially 
ab«>rbed  by  fuming  sulphuric  acid  and  the  remainder  burned  in  a  combustion 
tube  with  copper  oxide;  the  carbon  dioxide  is  absorbed  and  the  residual  nitrogen 
collected  and  mcaeured. 

Accuimcj  and  Time  Required.  For  the  absorptions  the  apparatus  is  accurate 
to  0.1  cc;  for  explosions  by  Hmman's  method'  the  methane  can  be  determined 
within  0.2%,  the  hydrogen  within  0.3%;  by  Hempel's  method  within  1%  for  the 
methane  and  7.6%  for  the  hydrogen.  The  time  required  for  the  analysis  of 
illuminating  gas  is  from  three  to  three  and  one-half  hours;  for  air,  from  fifteen  to 
twenty  minutes. 

NoTEB.  The  object  in  filling  the  capillaries  of  the  explosion  pipettes  with 
Trater  or  mercury  before  the  explosion  is  to  prevent  the  bursting  of  the  rubber 
connectors  on  them.  With  mercury  this  is  effected  by  introducing  it  through 
the  T-joint  in  the  connector.  After  testing  for  oxygen  with  the  pjTOgallate  a 
fmall  quantity  of  dilute  acetic  acid  is  sucked  into  the  burette  to  neutralize  any 
alkali  which  by  any  chance  m&y  have  been  sucked  over  into  it.  The  acid  is  rinsed 
out  with  water  and  this  is  forced  out  by  mercury  before  the  burette  is  used  again. 

The  water  in  the  biu^tte  should  be  saturated  with  the  gas  which  is  to  hs  aoalyzed 
— aa  illuminating  gas — before  begtnning  an  analysis.  The  reagents  in  the  pipettes 
should  also  be  Batura1«d  with  the  gaees  for  which  they  are  not  the  reagent.  For 
example,  the  fuming  sulphuric  acid  should  be  saturated  with  oxj^en,  carbon 
monoxide,  methane,  hydrogen,  and  nitrogen;  this  is  effected  by  mEdcing  a  blank 
analysis,  using  illummating  gas. 

The  method  of  analysis  of  the  residue  after  the  absorptions  have  been  made 
by  explosion  is  open  to  two  objections-  1st,  the  danger  of  burning  nitrogen  by 
the  violence  of  the  explosion;  and  2d,  the  danger  of  breakage  of  the  apparatus 
and  possible  injury  to  the  operator.  These  may  be  obviated  by  employing  the 
apparatus  of  Dennis  and  Hopkins,'  which  is  practically  a  griK0umet<:r  with  mercury 
as  the  confining  liquid;  or  that  of  Jaeger,'  who  bums  the  gases  with  oxygen  in  a 
hard-glass  or  quartz  tube  filled  with  copper  oxide.  By  heating  to  250°  C,  nothing 
but  hydrogen  is  burned ;  higher  heating  of  the  residue  bums  the  methane.  Recent 
work  shows  this  procedure  to  be  very  slow  and  not  very  accurate.  Or  the  mix- 
ture of  oxygen  and  combustible  gases,  bearing  in  mind  the  ratio  mentioned  at  the 
bottom  of  pagel247,can  be  passed  to  and  fro  through  Drehschmidt's'  capillary 
heated  to  a  bright  redness.  This  consists  of  a  platinum  tube  20  cm.  long,  2  mm. 
thick,  1.7  nun.  bore,  filled  with  three  platmum  or  palladium  wires.  The  ends  of 
Ae  tube  are  soldered  to  capillary  brass  tubes  and  arranged  so  that  these  caa  be 
water  cooled.  It  is  inserted  between  the  burette  and  a  simple  pipette,  mercury 
being  the  confining  liquid  in  both  cases.  The  air  contained  in  the  tube  can  be 
drt«nnined  as  in  the  case  of  the  tube  containing  iodic  anhydride,  page  124S. 

To  the  method  of  explosion  by  the  mixture  of  an  aliquot  part  of  the  residue  with 
lir,  method  (b),  there  is  the  objection  that  the  carbon  dioxide  formed  is  measured 
in^  water  in  a  moist  burette,  giving  abundant  opportunities  for  its  absorption,  and 
that  the  errors  in  analysis  are  multiplied  by  about  six,  in  the  example  by  |^. 

■J.  Soc.  Chem.  Ind.,  11,  415,  1892. 

*Gill  and  Hunt,  loc.  cit. 

■  J.  Am.  Chem.  Soc.,  21,  398.  1899. 

'J.  Gaabeleuchtung,  41,  764.    Abstr.  J.  Soc.  Chem.  Ind.,  17,  1190,  1898. 

'  Berichte,  81,  3242,  18S8. 
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APPLICATIONS  OF  QAS  ANALYSIS  AND  INTERPRETATION 
OF  RESULTS 

It  is  only  within  comparatively  recent  times  that  Gas  Analysis  has  assumed 
any  importance.     The  reasons  are  that  the  substances  with  which  it  deals  astt  so 
intan^ble,  the  apparatus  is  comphcated  and  fragile,  and  until  Utely,  competition 
has  not  compelled  manufacturera  to  seek  every  possible  source  of  loss. 
Some  of  its  applications  are  to: 
L  Chimney  and  flue  gases; 
II,  Producer  and  fuel  ga^^oi; 

III.  Illuminatiiiij;  gas; 

IV.  Sulphuric  acid  gases; 
V.  Mine  gases; 

VI.  Electrolytic  gases; 
VII,  Acetylene; 
VIII.  Atmospheric  air. 

I.  CHIMNEY  AND  FLUE   OASES 

Here  the  object  is  to  keep  the  curlxtnic  acid  (COi)  as  high  as  possible,  and  to 
avoid  the  formation  of  carbon  monoxide :  in  lurge  plants  every  additional  per  cent 
of  carbonic  acid  means  the  saving  of  tons  of  coal.  Savings  of  20  f«  33%  by  the 
use  of  gas  analysis  alone,  have  fre<(uently  come  to  the  writer's  notice.  A  satis- 
factory procedure  is  to  post  in  the  fire-room  the  percentage  of  carbonic  acid 
obtained  by  each  stoker,  and  stimulate  a  rivalry  among  the  men^a  bonus  in  the 
pay  envelope  is  also  effective.     Tlie  determinations  to  be  made  are: 

Analysis  of  Chimney  Gases.  Determination  of  carbon  dioxide,  oxygen, 
carlxm  monoxide,  nitrogen,  and  in  some  case  hydrocarbons.  For  this  purpose 
the  Orsat  apparatus  is  widely  employed;  the  hydrocarbons  may  be  determined 
by  the  Hempel  apparatus. 

Usually  a  few  determinations  of  carbonic  acid  will  suffice,  but  for  regular  work 
the  installation  of  some  form  of  registering  carbonic  acid  indicator  should  be 
installed. 

Carbonic  Acid  Indicators.'  These  usually  depend  upon  the  principle  of 
collecting  100  cc.  of  the  gas,  causing  it  tn  pa.ss  through  a  suitable  absorber  and 
collecting  the  residue  in  a  t)eU  which  floats  to  a  greater  or  less  height  according  to 
the  residual  volume.  The  fluctiuitions  of  this  bell  are  recorded  after  the  usual 
manner  of  self-registering  banimeters  or  thermometers:  the  usual  time  for  this 
analysis  and  record  is  five  minutes. 

By  modifying  this  apiNiratus  slightly,  it  can  be  applied  to  the  determination 
of  any  absorbable  gas  as,  for  example,  sulphurous  acid  or  chlorine.  It  has  been 
adapted  to  carbon  monoxide  ahsorptinn,  but  it  is  not  usual  or  easy. 

Halwr  *  employ's  the  refnictivc  index  of  gases  to  determine  the  amount  of 
carbonic  acid  in  chimney  ga.*:;  it  gi\TS  results  within  half  of  1%;'  it  has  also  been 

'These  can  be  obtained  from  the  following:  Combustion  Appliance  Co.,  Chicago; 
PrcriNion  Inslrument  Co,.  Detroit;  Uehling  Instrument  Co.,  Passaic.  Pee  Bureau  of 
Mine  HiilWin  No.  91,  "liistnimenis  for  Recording  Carbon  Dioxide  in  Flue  Uascs.'' 

■  Z.  Ang.  Chom..  1»,  141«,  1906;   ibid.,  2S,  1393,  1910. 

>  Mohr,  ibid.,  26,  1313,  1912. 
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q>ldied  to  other  gaseous  mixtures.  The  instrument  is  called  the  Interferometer 
or  Gas  Refractometer  and  is  made  by  Zeiss  of  Jena.* 

Tbe  Detemiiiuitioa  of  Temperature.  This  is  done  by  insertbg  a  ther- 
mometer, mounted  in  a  metal  tube,  on  the  chjnmey  side  of  the  gas  sampling  tube. 
These  resemble  those  used  for  determining  steam  temperatures  or  for  "  runniog  " 
vamish.  It  should  register  to  360°  and,  under  certain  circumstances,  one  shoving 
550°  may  be  desirable.  A  chemical  thermometer  with  long  stem  may  also  be 
employed;  it  should  never  be  inserted  naked  into  the  flue— as  a  sudden  hot  blast 
may  break  it — but  always  in  a  tube  of  cotton-seed  oil  or  sea  sand.*  These  ther- 
mometers should  be  tested  for  accuracy  by  comparisoD  with  a  standard,  in  a  care- 
fully stirred  oil  bath.  The  standard  should  be  kept  exclusively  for  the  purpose 
and  be  allowed  to  stay  in  the  bath  until  cool.  Sudden  cooling  of  a  thermometer 
changes  the  zero  point.  The  standard  can  be  certified  by  the  makers  or  the 
I'nited  States  Bureau  of  Standards. 

Electric  pyrometers  are  also  of  course  available  for  these  measurements.  An 
error  of  five  degrees  {5°}  in  the  reading  of  the  thermometer  affects  the  final  result 
by  about  20  calories. 

In  case  none  of  these  appliances  be  at  hand,  the  maidmum  temperature  can 
be'detennined  by  utilizing  the  melting-points  of  certain  pure  salts  or  metaU; 
as  tin  232°,  bismuth  270°,  cadmium  302°,  lead  327°,  zinc  419°,  cadmium 
chloride  541°,  antimony  630°,  etc.  These  can  be  suspended  in  the  chimney 
m  small  covered  cast-iron  boxes. 

Compodtioa  of  the  Coal.  This  is  determinjd  by  the  usual  methods  of 
orpnic  combustion  and  is  required  only  for  very  accurate  work. 

Calculation: 

a.  Heat  passing  up  chimney; 

b.  Pounds  of  air  per  pound  of  coal. 

(a)  Heat  Passing  up  Chimney.  The  accurate  calculation  resolves  itself  into 
finding  what  volume  of  gas  of  the  composition  determined  by  analysis  would  be 
produced  by  a  kilo  of  the  coal  used,  and  whose  analysis  is  known.  The  temperature 
irf  the  escaping  chimney  gases  being  also  known,  and  their  specific  heat,  the 
quantity  of  heat  they  carry  off  can  be  calculated:  this  divided  by  the  calorific 
power  of  the  coal  gives  the  per  cent  of  heat  lost  io  the  chimney  gases.  The  cal- 
culation is  rather  long  and  will  be  found  in  detail  in  the  author's  book.' 

The  formula  of  Shields.' 


Heating  value  of  coal 

200-1- per  cent  CO, 

Per  cent  C0,-|-  per  cent  CO 


Xrise  in  temperature  in  °C.X0.2864, 


prca  results  usually  0.5%  low,  as  no  cognizance  has  been  taken  of  the  water 
vapor. 

Another  formula^  in  which  only  the  carbon  dioxide  and  its  temperature  enters 
v^  proposed  by  Bunte  and  gives  close  results. 

For  every  per  cent  of  carbonic  acid  present  43,43  calories  per  cubic  meter  of 

'  Bureau  of  Mines  Technical  Paper  IWi,  "  Use  ot  the  Interferometer  in  Gas  Analy- 
lii,"  Ifll8. 

'  With  rounded  graina,  not  river  sand,  as  it  would  make  scratches. 

'  "Gaa  and  Fuel  Aoalyab  to.'  Engineera,"     Wiley. 

'  "Power,"  »,  1121,  1909.  '  J.  J.  Gasheicuchtung,  43,  637,  1900. 
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flue  gasee have  been  developed  =  Tr;  C=specific  heat  of  the  flue  gaaes per  cabie 
meter;  then  W IC  repieeents  the  initial  temperature  (which  ia  never  attained)  the 
ratio  of  which  to  the  actual  exit  temperature  of  the  flue  gases  shows  the  heat 
lost.  If  7'=thiBinitia]l«mperatureand  t  the  rise  of  temperature  of  the  Sue  gases, 
then  tiT  represents  the  heat  lost  in  the  chimney  gases. 

The  following  table  gives  the  data  for  the  calculation  for  both  pure  carbon  and 
coal  of  average  value: 


BpeHEcHntDl 
Chimney  G«. 

Initial  Tempo™ tute,  IF/C.    DBBt«o«C. 

Chimney  Gm. 

ForC«bon-T. 

ForCMl-T. 

Diir.forai%00» 

10 

12 
13 

15 
16 

0.308 
0.310 
0,311 
0.312 
0.313 
0.314 
0.315 
0.316 
0.318 
0.319 
0.320 
0.322 

0^324 
0.324 
0.325 

141 
280 
419 
557 
694 
830 
962 
1036 
1229 
1360 
1490 
1620 
1750 
1880 
2005 
2130 

167 
331 
493 
652 
808 
961 
1112 
1261 
1407 
1550 
1692 

2102 
2237 
2366 

16 
16 
16 
15 
15 
15 
15 
15 
H 
14 
14 
14 
13 
13 
13 

If  there  were  11.5%  carlmnic  acid,  the  initial  temperature  T  would  be  1762  I 
the  rise  of  temperature  in  the  chimney  gases  ia  250°,  the  loss  ia  -^/^  or  H.2%- 
The  accurate  calculation  gives  14.1. 

Finally,  for  very  rapid  work,  Bunte's  Chart,  Table  V,  may  be  used.  Th* 
results  are  vithin  2%  for  about  12%  of  carbonic  acid.  It  ia  used  by  noting  tfa* 
point  where  the  diagonal  line  representing  COj  cuts  the  ordinate  of  temperature — 
the  abscissa  corresponding  to  this  point  represents  the  per  cent  loss. 

The  following  table  show's  roughly  the  excess  of  air,  and  per  cent  of  heat  lo^ 
in  the  chimney  pises,  their  temperature  being  518°  F. 


6,3   4.7 
BO     45 


ur 


If  the  oxygen  l>o  from  1 .5%  to  2%  with  the  temperature  of  escaping  gases  ^'^ 
400-500°  F.,  the  fires  are  too  thick;  if  it  be  more  than  8%  they  are  too  thin. 

(6)  Powniis  oj  A  ir  per  Pound  of  Coal.  This  can  be  determined  by  calcula^^ 
ing  the  ratio  of  carbon  to  oxygen  in  the  carbonic  acid  and  carbon  monoxide  bul-^ 
oxygen  of  the  chimney  gases,  or  by  the  formula  of  Shields.' 

'Loc.  dt. 
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Pounds  of  air  per  pound  nf  coal  ^2.31 


Per  cent  of  carbon  in  coal 
Per  cent  COi+per  cent  CO' 


Lost  Due  to  Carbonic  Oxide.  For  every  gram  of  carbon  burned  to  carbonic 
oxide  there  is  a  loss  of  5.66  calories. 

Smoke.  For  the  determination  of  the  amount  of  smoke  in  the  chimney  gases, 
use  may  be  made  of  the  Ringelmann  smoke  scale.  This  consists  '  of  a  series  of 
lectanglee  ]  in.X}  in.  filled  with  cross-hatching  lines  a  greater  or  less  distance 
apart,  with  which  the  density  of  the  smoke  can  be  compared.  Or  the  Eddy 
smoke  recorder*  may  be  emploj-ed;  this  consists  of  a  tube  of  standard  length 
through  which  the  smoke  gases  are  drawn.  A  standard  electric  light  is  fixed  at 
QDe  end  of  the  tube  and  viewed  through  the  smoke;  its  density  is  measured  by 
the  extent  to  which  the  light  is  obscured. 


II.  PRODUCER  AND  FUEL  OASES.     BLAST-FURNACE  OAS 

Here  the  object  is  the  reverse  of  that  in  the  chimney  gases,  to  keep  the  per- 
wntag^  of  carbon  monoxide  as  high  as  possible  and,  for  gas-engine  purposes,  the 
per  cent  of  hydrogen  constant. 

The  determinations  made  are  the  same  as  io  chimney  gas — COi,  0,CX),'N,  and 
oftentimes  hydrogen  and  hydrocarboiLs;  the  quantity  of  dtut  is  sometimes  impor- 
^nt.  The  heating  value  is  determined  as  in  illuminating  gas,  p.  713.  The 
^fficieney  of  conversion  would  be  found  by  measuring  the  number  of  cubic  feet  of 
Saa  made  per  ton  of  coal  gasified;  the  calorific  power  of  each  (gas  and  coal)  being 
known,  their  quotient  represents  the  efficiency.  The  heat  contained  in  the  gas 
due  to  its  sensible  heat,  found  after  the  manner  of  calculating  the  loss  in  chimney 
BOms  (i.e.,  volume  ga.sX  weight  X  rise  of  temperature  X  specific  heat)  is  to  be 
a^ded  to  this  for  accurate  work. 

.\s  showing  producer  gas  practice,  the  following  typical  analyses  are  cited: 


Anthra- 

iin"'ou'«» 

BlueWilFr 

l-itnif.'         P«l.' 

T«n.'.' 

Wood.' 

CO 

27.0 

12.0 
1.2 

"2.5 
57.0 
0.3 
137 

27.0 
12.0 
2.5 
0.4 
2.5 
55,3 
0-3 
157 

45.0 
45.0 

2.0 

4'6 
2.0 
0.5 
322 

22.0 
9.6 
1,6 
0.7 
6.4 

5S.9 
0.8 

30,6 
6.1 
5.1 

62.5 

14.2 
8.7 
5.6 

15  6 
56.0 
0.4 
132 

cHi;"'":::::;::: 

2.6 

S::;:::::;;::: 

0.3 

nT.             

0, 

0.1 

'  Power,  40,  86.        '  Made  by  the  Hamler-Eddy  Smoke  Recorder  Co.,  Chicago. 
*Tech.  Paper  106,  Bureau  of  Mines,  ".Asphyxiation  from  Blast  Furnace  Ga«." 

•  With  38-7';;  H,0,  3.2'7.  a.ih. 

•From  "Gas  Producers  and  Producer  Gas  Power  Plants,"  R.  D,  Wood  4  Co., 
«. 

•  Richards,  J.   W.,  .1.  Frank.  Inst.,  415,   1900,  quoted  from  V.  Ihcring,  "Gas 
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Gab  thou  Diftef 

lENT  Kinds  op  Pboducbbb 

Furiiu*.' 

Dawn 

Up  Dr.lt  • 

S...on,. 

Prwun, 
T.yl«r.i,  • 

Mond.' 

Si.™. 

CO 

17,5 
11.8 
1,1 

.04 

9.2 

60.1 

0.2 

110 

18.3 
12.9 
3.1 
0.2 
9.8 
55.6 
.04 

26.0 
18.fi 
OS 

■fi^o' 

47.0 
145' ■ ' 

22-30 
15-7 
3-1.5 

54-60 

iss" 

16,0 
24.0 
2.2 

45.4 
0. 
146 

24 
2 

"2" 

12 

60 

ioe" 

CiHi.     .. 

N^":::::::;::::: 

DeteAnination  of  Dust.  Liddell  *  recommends  the  following:  lump  eu^ar  is 
crushed,  and  that,  which  is  retained  by  a  90-mesh  sieve  packed  in  a  2-in.  layer 
upon  copper  or  brass  gauze  contained  in  a  glass  tube.  The  sugar  is  sli^tly 
moistened  and  the  gas  sucked  through  it:  it  is  then  dissolved  in  wat«r  and  the 
dust  collected  upon  a  tared  Gooch  crucible  and  weighed.  Another  procedure  and 
apparatus  recommended  by  the  Sargent  Steam  Meter  Co.,  of  Chicago,'  consists 
in  Bucking  the  gaa  through  a  diaphragm  consisting  of  a  weighed  &lt«r  4}  ins.  in 
diameter,  drying  and  noting  the  increase  in  weight. 


III.  ILLUMINATING  QAS^ 

The  determinations  usually  made  are  as  follows; 

a.  Candle  power;  e.  Analysis; 

6.  Calorific  power;  /.   Carbon  dioxide; 

c.  Sulphur;  g.  Specific  gravity; 

d.  Ammonia;  h.  Tar. 

(a)  Candle  Power.  This  can  be  very  satisfactorily  found  using  a  60-in.  open- 
bar  photomtter  and  Leeson  contrast  disc.  The  gas  should  be  bunied  from  a 
burner  commercially  obtainable  which  gives  the  highest  caudle  power;  for  gas 
from  14  to  21  candle  power,  Sugg's  London  ai^and  burner,  sizes  C  to  F,  should 
be  used;  for  richer  gases,  Sugg's  table  top  or  the  Bray  slit  burner.  For  a  standard 
of  comparison,  the  sperm  candle  is  convenient,  satisfactory,  and  very  eJrtenaively 
used ;  the  Elliott  kerosene  and  Hefner  amyl  acetate  lamps  are  also  employed. 

For  accural*  work  the  Lummer-Brodhun  disc  and  electric  standards,  or  the 
Hefner  lamp  should  be  used.     For  the  determination  of  candle  power,  reference 

•From  "Gas  Producers  and  Producer  Gas  Power  Plants,"  K.  D.  Wood  4  Ca, 
Bureau  of  Mines  Bulletin  13.  FerBsM 


'With  anthracite  buckwheat. 

*  "H/flumfi  of  Producer  Gas  Inveatigatif 
&  Smith. 

•Richards,   J.   W.,  J.  Frank.  Inst.,  415,   1900,  quoted   from    V.    Ihering,    "t 
Maschinen." 

«  Power,  88,  93.  '  Power,  87.  331. 

'  Circular  48,  Bureau  of  Standards,  "Standard  Methods  of  Gas  Testing,"  1916. 
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nay  be  had  to  Circular  No.  48  of  the  Bureau  of  Standards  on  "  Standard  Methods 
o(  Gas  Testing,"  1914,  or  Stone,  "Practical  Testing  of  Gas  and  Gas  Meters," 
WUey,  1909. 

Cwburetted  water  gas  shows  from  a)-28  candle  power,  coal   Ras   14-20, 
oil  gas  45-60,  oil-air  gaa  30-35,  gasolene   12-17,  acetylene   170-200.     (Stone, 


3.  cit.) 


immonly 


<ieteniuned  by  the  Junkers  calorimeter,  although  others  i.i  use  are  the  Sargent, 
I^oherty,  and  in  England  the  Hoi's  and  Simmance-Abady. 

The  original  form  is  shown  in  section  in  Fig.  124  and  the  later  modification  in 
^t%.  125.  As  seen  in  Fig.  124  it  consists  of  a  combustion-chamber.  28,  surrounded 
'*y  a  water-jacket,  15  and  16,  this  being  traversed  by  a  great  many  tubes.  To 
f^vent  loss  by  radiation  this  wat«r-jaoket  is  surrounded  by  a  closed  annular 
"•Mpace,  13,  in  which  the  air  cannot  circulate.  The  whole  apparatus  is  con- 
'^cted  of  copper  as  thin  as  is  compatible  with  strength.  The  water  entera  the 
JMket  at  1,  passes  down  through  3,  6,  and  7,  and  leaves  it  at  21,  while  the  hot 
a  gases  enter  at  30  and  pass  down,  leaving  at  31.    There  is  therefore 
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not  only  a  very  large  surface  of  thin  copper  between  the  gases  and  the  water, 
but  the  two  move  in  oppoeitfi  directions,  during  which  process  all  the  beat  generated 
by  the  flame  is  transferred  to  the  water,  and  the  waste  gases  leave  the  apparatus 
approximately  at  atmospheric  temperature.  The  gas  to  be  burned  is  first  passed 
through  a  meter,  Fig.  126,  and  then,  to  insure  constant  pressure,  through  a  pressure- 
regulator.  The  source  of  heat  in  relation  to  the  unit  of  heat  is  thus  rendered 
stationary;  and  in  order  to  make  the  absorbing  quantity  of  heat  also  statioriaty, 
two  overflows  are  provided  at  the  calorimeter,  makmg  the  head  a[  water  and  ovei^ 


flow  constant.    The  temperatures  of  the  water  entering  and  leaving  \he  apparai-^ 
can  be  read  by  12  and  43;    as  shown  before,  the  quantities  of  heat  and  wa'  — 
pas.sed  through  the  apparatus  are  constant.    As  soon  aa  the  flame  is  light»^" 
43  will  rise  to  a  certain  point  and  will  remain  nearly  constant. 

Manipulation.  The  calorimeter  Is  placed  as  shown  in  Fig.  126,  so  that  c:^^ 
operator  can  simultaneously  observe  the  two  thermometers  of  the  entering  a^^ 
escaping  water,  the  index  of  the  gas-meter,  and  the  measuring-glasses. 

No  draft  of  air  must  be  permitl«d  to  strike  the  exhaust  of  the  spent  gas. 

The  water-supply  tube  w  is  connected  with  the  nipple  a  in  the  center  of  "^^ 
upper  container;  the  other  nipple,  6,  is  provided  with  a  waste-tube  to  carry  ai^'*.' 
the  overflow,  which  latter  must  be  kept  running  while  the  readinp  are  taken. 
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The  nipple  e,  through  ^hich  the  heated  water  leaves  the  calorimeter,  is  con- 
nected by  a  rubber  tube  with  the  large  graduate,  rf  empties  the  condensed  water 
ioto  the  small  graduate. 

The  thermometers  being  held  in  position  by  rubber  stoppers  and  the  water 
turned  on  by  e  until  it  dischariites  at  c,  no  wat«r  must  issue  from  d  or  from  39, 
Fig.  19,  as  this  would  indicate  a  leak  in  the  calorimeter. 

The  cock  e  is  now  set  to  allow  about  two  liters  of  water  to  pass  in  a  minute 
and  a  half,  and  the  gas  issuing  from  the  burner  ignited.  SufGcient  time,  about 
twenty  minutes,  is  allowed  until  the  temperature  of  the  inlet-water  becomes  con- 
stant and  the  outlet  approximately  so;  the  temperature  of  the  inlet-water  is 
noted,  the  reading  of  the  gas-meter  taken,  and  at  this  same  time  the  outlet-tube 
changed  from  the  funnel  to  the  graduate.  Ten  successive  readings  of  the  out- 
flowing water  are  taken  while  the  graduate  (2-liter)  is  being  filled  and  the  gas 
shut  off. 

A  better  procedure  is  to  allow  the  water  to  run  into  tared  8-liter  bottles,  three 
being  used  for  a  test,  and  weighing  the  water.  The  thermometer  in  the  outlet 
can  then  be  read  every  half-minute. 

Example. — Temp,  of  incoming  water,  17.2'* 

Temp,  of  outgoing  water,  43.8° 

Increase,  26.6° 

Gas  burned,  0.35  cu.ft. 

„         Liters  water  X  Increase  of  temp.     2X26.6     ,-„„,-, 

Meat" T= — — " — TTW^     —  lo^.J  L.. 

Cu.ft.  gas  0.3o 

From  burning  1  cu.ft.  of  gas  27.25  cc.  of  water  were  condensed.  This  gives 
off  00  an  average  0.6  C.  per  cc. 

27.25X0.6-16.3  C;  162.3-16.3-'138  C.  per  cubic  foot;  136X3.968=540 
B.t.u. 

Notes.  After  setting  up  the  apparatus  the  firtt  tiiiaa  to  be  done  is  to  turn  on  the 
valer — (nof  the  gat),  SimiUrly,  the  uiifer  should  be  shut  off  latl.  All  connections 
ud  the  meter  should  be  tested  for  leaks  t>efore  each  teat.  The  water  level  in  the  meter 
■boukl  be  checked  daily.  Slight  dr^-tta  caused  by  moving  suddenly  near  the  apparatus 
will  vary  outlet  reading  ana  vitiate  the  teat.  The  instrument  should  not  be  set  up 
near  a  window  or  heating  apparatus  where  radiant  heat  might  affect  the  readings. 

If  0,2  cu,ft.  of  gas  are  bum^,  then  an  error  of  O.I  °  F.  in  temperature  of  water  means 
■nerror  of  4  B.t.u.;  an  error  of  0.01  lb,  water,  0.9  B.t.u.;  I'P.ingas  temperature,  1.8 
B.t.n,;  0.1  in.  (barometer),  2  B.t.u,;  1  in.  water  pressure  of  gas,  1,5,  B.t.u,' 

The  calorific  power  obtained  without  subtracting  the  heat  given  off  by  the  con- 
densation of  the  water  represents  the  lotal  beating  value  of  the  gas.  This  is  the  heat 
pven  off  when  the  gas  is  used  for  heating  water  or  in  any  operation  where  the  products 
ol  comlnistion  pass  off  below  100°  C,  The  Tief  healing  value  represents  the  conditions 
in  which  by  far  the  greater  quantitv  of  gas  is  conauincd,  for  cooking,  heating  and  gas 
engiiiea,  and  is  one  which  should  be  reported.  It  should,  however,  be  corrected,' 
to  the  Wal  cubic  foot,  that  is,  measured  at  30  ins.  barometric  pressure,  and  60°  F. 
wtutateo  with  moisture. 

The  apparatus  has  been  tested  for  three  months  in  the  German  Physical  Technical 
Institute  with  hydrogen,  with  but  a  deviation  of  0.3%  from  Thomson's  value.    This 

'  Rept.  Joint  Committee  on  Calorimetry  Public  ^rvice  Commission  and  Gas  Cor- 
porstions  in  the  Second  Pubhc  Service  District  of  New  York  State,  p,  81,  1910. 

'  A  difference  of  1°  C,  or  of  3  mm,  pressure  makes  a  change  of  0.3%  in  the  volume. 
Hdfle,  J.  Gasbeleucht.,  60,  67,  1907. 
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The  chief  sources  of  error  are,'  ia  adjustini;  the  meter,  in  meafiuring  the  tem- 
perature—rise of  the  water,  and  in  changing  over  the  outflow  water  to  the  wei^ied 
vessels. 

(6)  By  Caladatum}  Let  us  suppose  an  illuminating  icas  gave  the  foUowing 
analysis:  lUuminante  15,  carbon  monoxide  25,3,  methane  25.9,  hydrogen  27.9%; 
the  heating  value  of  these  gases  according  to  Table  3,  page  737  is  as  follows: 

■B  0.15  X2000=300.0  B.t.u. 

ra  0.253X341    =  S6.3 

H|  0.259X1065=276.0 

|g  0.279X345  -^  96.3 

758.6  B,t.u. 
which  is  the  gross  heating  value  of  the  gas.    The  correction  for  the 
heat  lost  is  found  as  with  chimney  gases,  by  multiplying  the  \-oluine 
of  the  combustion  gases  by  their  weight X specific  heatXriae  of  temp- 
erature. 

(c)  Sulphur.    Sulphur,  being  present  in  gas  in  so  many  fotms, 
is  determined  by  combustion  and  usually  reported  in  grains  of  sul- 
phur  per  hundred  cubic  feet. 
,  One  of  the  most  easily  portable  and  satirfactory  forms  is  that  of 

^y  Hinman  and  Jenkins  described  as  follows:^  The  upper  vessel,  Fig. 

^^  127,  is  a  "  bead  glass  "  300  mm.  long  and  60  mm.  in  diameter;  this 

is  filled  with  large  cut-glass  beads,  held  up  by  a  suitable  fluted  glass, 
giving  a  large  condensing  surface  without  obstructing  the  draft.  To 
this  bead  glass  is  attached,  by  a  rubber  connector,  the  adapter, 
410  mm.  long  and  50  mm.  lower  internal  diameter.  To  the  upper 
adapter  is  attached,  by  means  of  the  "  connecting  piece,"  the  lower 
1  adapter,  400  mm.  long  and  40  mm.  lower  diameter.  The  connect- 
or ing  piece  projects  12  mm.  above  the  top  of  a  rubber  stopper,  fitting 
the  upper  adapter,  and  is  surmounted  by  a  watch-glass  deflector 
Fio,  127,  carried  on  platinum  wires.  An  overflow  tube  carries  the  condensation 
Xo  the  Erlenmeyer  flask  hung  on  the  stopper  as  shown ;  this  tube  is  so 
adjusted  that  some  liquid  remains  on  the  stopper  to  keep  it  cool  and  to  absorb 
some  of  the  ascending  gases.  The  fiunsen  burner  is  fitted  with  a  lava  tip  having 
a  6-mm.  hole;  surrounding  the  burner  is  a  glass  tube  20  mm.  in  diameter,  forming 
the  inner  wall  of  an  annular  chamber,  of  which  the  outer  wall  is  a  glass  ring 
50  mm.  in  diameter.  Into  this  ciiamber,  which  serves  to  contain  10%  aomiODium 
hydroxide,  the  lower  adapter  dips  10  mm. 

The  lower  adapter  is  joined  to  the  "  coimecting  piece  "  by  a  short  cork-lined 
metal  tube.  Although  radically  different  in  form,  this  apparatus  is  very  similar 
to  the  Referees'  in  general  principle  and  in  method  of  use,  the  principal  difiereuce 

■  Technoloeic  Papers  of  the  Bureau  of  Standards  No,  36.  "  Gas  Calorinetry," 
Waidnerand  Mueller,  paice  100,  1914, 

■  U,  S.  Geol.  Survey  Paper  No.  48;  Port  III.  page  1005. 

'Jenkins,  J.  Am,  Chem.  Sac.,  2N,  643,  1906,  also  Technologic  Paper  No.  20, 
Bureau  of  Standards,  McBride  and  Weaver  "  Determination  of  Sulphur  in  mumiiMt- 
ing  Gas,"  1913,  also  Stone,  op,  cit. 
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being  the  use  of  ammonium  hydroxide  instead  of  dry  ammoniuro  carbonate  aa 
a  source  of  ammonia.  About  10  cc.  of  concentrated  ammonium  hydroxide  is 
placed  in  the  reservoir  about  the  burner  at  the  beginning  of  the  test  and  about 
5  CC.  more  added  every  fifteen  or  twenty  minutes.  The  kbs  is  consumed  at  the 
rate  of  0.4  to  0.6  cu.ft.  per  hour,  and  2.5  to  3  ft.  burned,  if  the  sulphur  is  to  be 
estimated  gravimetrically,  otherwise  1  cu.ft.  is  enough.  When  the  run  ia  com- 
pleted the  apparatus  is  allowed  to  cool  and  is  then  flushed  four  times  by  pouring 
50  cc.  portions  of  water  in  at  the  t«p  of  the  bead  tube.  To  the  solutions  and  wash- 
ing are  added  2-3  cc.  bromine  water,  and  it  is  evaporated  to  30  or  40  cc. ;  an  excess 
of  &  hydrochloric  acid  solution  of  barium  chromate  is  added  to  the  hot  solution, 
it  is  gently  boiled,  an  excess  of  dilute  ammonia  added,  again  boiled  for  a  minute, 
filtered  and  washed.  The  ammonium  chromate  in  the  filtrate  (the  chromic 
acid  being  equivalent  to  the  sulphuric  acid  in  the  original  solution)  after  being 
boiled  in  a  stout  flask,  with  a  Bunsen  valve,  to  expel  the  air,  is  cooled  and  titrated 
directly  with  stannous  chloride  (3.25  grams  Sn  per  liter)  using  starch  and  potassium 
iodide  to  accentuate  the  end  point. 
The  equations  are; 

(NH,),S0.+BaCr04-BaS0.+(NH,).Cr0., 
2(XH.)^r04+2HCl  -  (NH.).Cr.0,+2NH*CH-H,0, 
3SnCl,+(NH*).  Cr,0,+14HC1  =3SnCl4+2NH*Cl+2CrCl,+7HA 

The  strength  of  the  stannous  chloride  should  be  determined  at  the  same  time 
by  standard  bichromate  of  potassium. 

Or  the  sulphuric  acid  can  be  determined  with  tbe  turbidimeter  as  for  sulphur 
in  oils,  page  570.  The  amount  of  sulphur  is  usually  from  20  to  30  grains  per 
100  cuJt. 

Snlphnretted  Hydrogen.'  The  teat  is  made  by  han^ng  a  strip  of  paper 
owistened  with  lead  acetate  solution  (1  :  20)  In  a  bell-jar  or  tube  through  which 
tbegasiapassingat  about  5  cu.ft.  per  hour  and  allowing  it  to  act  for  one  minute. 
Usually  several  tests  are  made.  The  gas  should  be  taken  fresh  from  the  main 
and  care  should  be  taken  not  to  confound  any  black  tarry  spots  with  lead  sulphide. 
A  properly  purified  gas  should  give  no  test. 

It  is  quantitatively  determined  by  drawing  a  known  volume  of  the  gas  through 
standard  iodine  solution.  Tutweiler*  measures  the  gas  in  a  modified  Bunte 
burette  over  mercury,  and  having  added  starch  solution,  runs  in  a  known  quantity 
of  standard  iodine  solution  until  it  is  in  slight  excess.  If  100  cc.  of  gas  were  taken, 
the  number  of  cubic  centimeters  of  solution  gives  the  grains  of  HiS  per  100  cuit., 
1  cc.  iodine  -0.0017076  gram  iodine  =100  grains  H^  per  100  cu.ft. 

(d)  AmmiMila  i  Thifl  is  determined  by  absorption  in  standard  acid  colored 
with  cochineal:  10  cc.  of  HCl  are  placed  in  the  bulb.  Fig.  117,  2-3  drops  cochineal 
solution  added,  and  tbe  gas  allowed  to  bubble  through  it  until  the  yellow  color 
changes  to  a  deep  purple ;  the  meter  is  now  read.  The  acid  is  made  by  diluting 
38.2  cc.  N/10  HCI  to  1  liter,  10  cc.  "O.OI  grain  of  NH.;  the  cochineal  solution  is 
made  by  treating  3  grams  of  the  ground  insect  with  250  cc.  20%  alcohol,  allowing 
to  stand  forty-eight  hours  and  filtering.    Tbe  bubble  tube  is  inserted  in  series 

I  'Tech.  Paper  No.  41,  Bureau  ot  Standards,  "Lead  Awtalc  Test  tor  IlydroRen 

!     SuliAide  in  Oas."  '  J.  Am.  Chem.  Sor.,  2S,  173,  1901. 

'Tech.  Paper  No.  34,  Bureau  of  Standards,  "Determination  ot  Ammonia  in  ICumi- 
I      Ming  Gtta." 
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with  the  gas  supply  to  the  sulphur  apparatus,  Fig.  127,  (c)  so  that  both  determi- 
nations  ^re  run  at  one  time:  the  gas  is  passed  through  at  the  rate  of  0.6  to  Oi 
cu.ft.  per  hour.  Massachusetts  kw  limits  the  amount  of  tunuonia  to  10  grains 
per  100  cu.ft. 

(e)  AoBlysis.  The  volumetric  analysis  is  carried  out  according  to  pages  704; 
either  bromine  water  or  fuming  sulphuric  acid  can  be  used  to  absorb  the  "  iilumi- 
nants."  Besides  ethylene,  it  may  be  desirable  to  determine  benzol:  this  is  best 
done  according  to  Dennis,  O'Neill  and  McCarthy  '  by  absorption  in  an  ammoniacal 
solution  of  nickel  cyanide. 

Ktptathalene.  This  is  determined  in  purified  gas  by  passing  it  throuf^  K/20 
picric  acid  solution.  White '  determines  it  in  raw  gas  by  precipitation  of  the 
picrate  and  subsequent  recovery  of  the  naphthalene. 

Composition  of  Comuescial  Gases  * 


Coal 

Carb.  water. 
Blue  water . 
Pintsch .... 

Blau 

Oil-water. .  . 

Oil 

GsBoIene .  . . 

Natural .... 


0.4  8.549  8  20.5 
0.4130.4  37  7  10.0 
0.940,960  »  0,2 
"  13  2'  45.0 
44  1 
34.6 
46,5 
C.H„ 


(f)  Carbon  dioxide.  This  is  best  determined  by  RudorfC's  method '  which 
consists  in  titrating  about  a  liter  of  the  gas  with  standard  potassium  hydronde. 
The  arrangement  and  manipulation  of  this  apparatus  will  be  evident  from  Fig.  128 ; 
the  capacity  of  the  Woulff  bottle  must  be  known  and  if  the  gas  contains  hydn^n 
sulphide,  it  must  be  absorbed  by  passage  over  manganese  dioxide. 

(g)  Spedflc  Gravity.    The  readiest  method  depends  upon  the  time  of  efflux 

of  the  gas  compared  with  air;  sp.gr.  =-j-  G  and  A  represent  the  times  of  efflui 
in  seconds  of  gas  and  air.  The  apparatus  is  obtainable  from  the  dealers,  or  may 
be  constructed  according  to  Jenkins  •  as  follows : 

"  It  consists,  Fig.  129,  of  two  large  rubber  stoppers,  each  having  a  brass  tube, 
projecting  laterally  near  the  large  end,  and  connecting  with  the  hole  in  the  stopper. 
A  glass  piece  A  in  the  form  of  a  truncated  cone  fita  tinhtly  over  one  stopper;  it  is 
9  ins.  long,  li  ins.  diameter  at  the  base  and  I  in.  at  the  top.  A  similarly  shaped 
piece  B  9  ins.  long  by  1  i  ins,  diameter  at  the  lower  end  fits  over  the  second  stopper; 
2  ins.  above  the  latter  the  tube  has  a  constriction  1  in.  in  diameter,  and  at  its 

'  J.  Am.  Chem.  Soc.,  80,  236,  1908. 

)  Ptoc.  Mich.  Gas  Association,  83,  1904,  1905, 

•  Fuiweiler,  Rt^rs'  and  Aubert'a,  "  Industrial  Chemistry,"  2d  Ed.,  404. 
'Orton,  Gfolof  Ohio,  VI,  137.  '  Hempel,  op,  cit.,  262. 

*  Stone,  op.  cit.,  201,  See  also  Bureau  of  Standards,  Tech,  Papers  89  and  m,  W 
J.  S,  Edward, 
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upper  put  ie  narrowed  to  a  neck  ^  in.  in  diameter  which  is  ground  on  the  inside 
to  receive  the  raid  of  a  tube  TJ  ins.  long  and  i  in.  in  diameter,  in  the  upper  end  of 
-which  is  fitted  a  platinum  plate  containing  the  emission  orifice.  One  and  three- 
fouiths  inches  below  this  plate  is  a  three-way  glass  stopcock,  and  3  ins.  below  the 
latter  a  scrateh  surrounds  the  tube  and  serves  as  the  upper  mark  in  the  escape 
of  the  ffis. 

"  Fitted  into  the  hole  in  the  stopper  is  a  hollow  cylinder  of  brass  to  which  is 
soldered  a  curved  piece  of  brass  wire  pointed  at  the  end,  which  rises  1)  ins.  above 
the  surface  of  the  stopper.  The  two  brass  tubes  projecting  from  the  outside  of 
the  stoppers  are  joined  by  a  piece  of  rubber  tubing  15  to  18  ins.  long. 

"  In  using  this  instrument  the  larger  tube  B  is  filled  with  water,  of  the  tem- 
perature  of  the  room,  nearly  to  the  top,  the  stopcock  being  turned  so  that  egress 


^  sir  from  the  smaller  tube  is  prevented.  The  larger  tube  is  placed  on  an  elevated 
"•rface  just  high  enough  so  that  its  bottom  ia  above  the  level  of  the  scrateh  on 
*«e  Harrow  outlet  tube,  the  cock  ia  turned  so  that  the  air  may  escape  through  the 
^•ifice  in  the  platinum  plate,  and  on  the  second,  when  the  point  of  the  brass  wire 
^''^aks  the  surface  of  the  rising  water,  a  stop  wateh  is  started.  The  latter  is  stopped 
^hea  the  water  exactly  reaches  the  scrateh. 

"The  large  tube  is  lowered,  and  the  stopcock  turned  so  that  air  may  enter 
^llrough  its  hollow  point.  When  the  water  is  again  all  in  the  large  cylinder,  the 
^k  is  turned  to  connect  the  small  vessel  with  the  outside  air  through  the  platinum 
~P.  the  lai^  cylinder  is  replaced  on  the  elevation  and  the  operation  repeated. 
"**ult8  should  be  obtained  which  check  within  one-fifth  second. 
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"  Now  connect  a.  rubber  tube  to  the  gas  supply  and  to  the  tip  of  the  stopcock, 
lower  the  large  cylmder  and  force  the  water  into  the  latter  by  means  of  Um  p 
pressure.  Thoroughly  saturate  the  water-with  the  gas  to  be  tested;  this  tmj  be 
done  by  shaking  gas  and  water  together  and  by  forcing  the  water  up  and  down 
in  the  small  vessel  in  contact  with  the  gas.  lUpeat  the  operation  with  gu  in 
in  the  same  manner  as  described  for  air.  The  caJculation  is  made  in  accoidi 
with  the  formula. 

"  The  advantages  of  this  apparatus  are  its  portability,  its  cheajmess,  ita  rapidity 
and  accuracy.  When  set  up,  the  cylinders  are  inclined  to  be  a  trifle  unstable; 
this  may  be  overcome  by  fastening  a  lead  plate  to  the  base  of  each  shippei. 
Four  precautions  in  connection  with  its  use  should  be  emphasized:  (1)  The  wnter 
must  be  of  the  room  temperature;  (2)  the  water  must  be  thorou^y  satuntsd 
vnth  the  gas;  (3)  the  platinum  tip,  stopcock,  and  upper  part  of  the  tube  must  be 
kept  dry  and  clean;  (4)  the  large  cylinder  must  always,  in  any  one  determinatioa, 
be  placed  at  the  same  he^ht." 

Another  method  consists  in  the  use  of  the  Lux  gas  balance.  This  consiBtS  rf 
a  balanced  globe  into  which  the  gas  previously  filtered  through  cotton,  passes  ud 
ite  specific  gravity  is  read  olf  directly  on  a  scale. 

The  knowledge  of  the  specific  gravity  is  important,  as  it  is  involved  in  the 
fom  ula  for  the  calculation  of  the  flow  of  gas  in  pipes;  it  also  enables  the  ps 
manager  io  ascertain  the  Mcight  of  gas  produced  from  the  coal,  and  to  get  an  idea 
of  the  nature  and  amount  of  impurities  in  the  gas,  alt  these  being  heavier. 

(h)  Tar.  For  the  estimation  of  tar,  Clemens  Winkler  '  recommends  thei»o* 
ccduie  of  Ticftrunk;  This  consists  in  passing  the  gas  through  25%  alcohol  utd 
collecting  and  weighing  the  ter  on  a  tared  filter. 

IV.  SULPHURIC  ACID  OASES, 

the  gases  involved  in  the  manufacture  of  sulphuric  acid: 

a.  Burner  gases; 

b.  Nitrogen  gases; 

c.  Oxygen; 

d.  tiascs  involved  in  the  contact  process. 

(a)  Burner  Gases.   Sulphur  Dioxide 

This  gas  may  be  determined  by  the  method  of  Reich,  It  consists  in  aspiratii^ 
the  gas  through  standard  iodine  solution  (N/10  is  suitable)  until  it  is  decoloriw«- 
The  amount  of  iodine  used  in  the  test  and  the  volume  of  the  aspirated  gas  beinS 
known,  the  percentage  of  SOi  can  readily  be  calculated. 

Fig.  130  shows  a  form  of  apparatus  for  making  this  determination.  Th* 
standard  iodine,  5  to  25  cc.  N/10  I,  diluted  to  150  to  200  cc,  is  placed  in  lH« 
bottle,  alM)ut  400  cc.  capacity,  and  starch  indicator  added.'  The  gas  to  be  t«ste^ 
is  aspirated  through  the  iodine  until  the  color  of  the  starch  blue  fades  complete! >'' 
Water  which  flows  out  from  the  graduated  cylinder  by  lowering  the  aspiratii'^ 
bottle,  produces  the  suction,  and  the  amount  measures  the  volume  of  the  aspirate^ 
gaa.  From  the  quantity  of  iodine  used  and  the  volume  of  the  gas  required  * 
decolorize  the  solution  the  per  cent  of  sulphur  dioxide  is  calculated. 

'  "  Die  Industrie  Case,"  page  52,  also  Hcmpol,  op.  cit.,  239. 

■  Starch  indicator  may  be  omitted  if  the  liffht  is  good  for  observing  the  fading  out  ^^ 
the  iodine  color. 
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Should  the  contact  gas  contain 
SOi,  this  19  absorbed  by  paaning  the 
gas  through  50  to  100  cc.  of  strong 
H^„  to  avoid  the  action  of  SO, 
on  the  rubber  tubing  of  the  appara- 
tus. A  rapid  current  of  the  gas  is 
passed  through  the  acid  to  saturate 
it  with  SO]  before  making  the  tests. 

The  Reich  method  is  more  appli- 
cable for  det«rmining  small  amounts 
of  SO,.  A  12-15-liter  graduated  as- 
pirating bottle  is  used  in  works  tests 
of  exit  gfBes  for  measuring  the  gas. 
Since  these  volumes  are  under  stand- 
ard conditions  (760  mm.  and  0°C.), 
it  will  be  necessary  to  convert  the 
volumes  obtained  in  the  teste  to  the^e 
»>nditions,  using  the  formula  V  - 


y°~. 


where    V" 


760(1-1-0.003670' 
measured  volume,  P°  =obser\'ed  bar- 
ometric pressure,  (=temperature  of 
the  gas,  and  w  =aqueous  vapor  pres- 
sure at  tempo-ature  of  the  test. 


Flu.  130.    Portable  Reich  Apparatus. 
Uhinq  Tbntr  Normal 
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Sn^nr  Koxide  in  Exit  Gasas.'  Sulphur  dioxide  is  seldom  above  1%  io 
exit  gases  leaving  the  abaorption  tower  of  the  sulphuric  acid  plant.  GeuHslly 
the  loss  is  below  0.2%  on  a  carefully  regulated  unit.  The  Beich  method  is  suffi- 
ciently accurate  for  this  determi  nation,  for  all  practical  purposes.  If  10  oc.  of 
N/10  iodine  are  used  the  percent  SOi  niay  be  calcuLt«d  by  the  formula: 


11.17 
Co+11.17 


=  %S0,. 


Vo— volume  of  the  gas  reduced  to  standard  condition  0°  C  and  760  mm. 
11.17 =cc,  of  SOi  gas  equivalent  to  10  cc.  of  N/IO  iodine. 

The  following  table  is  calculated  on  the  assumption  that  the  gas  is  under  a 
pressure  of  760  mm.+vapor  pressure  of  17  mra.,  at  room  temperature  of  20"  C. 


Measured  Vd. 

Per  cent  80, 

MeaauredVol.                          Per  cent  SO, 

1200  cc 

ISOOcc 

1900  cc 

2200  cc 

6500  cc 

IK 

2500  cc 

gOOOoc 

2000  oc 

3000  CO 

41 

Sulphur  Dioxide  in  the  Inlet  Oases  of  the  Sulphuric  AcJd 
Contact  System ' 

Apparatus.  Burette.  This  should  be  of  the  bulb  type  with  a  graduated 
capacity  of  100  cc,  the  bulb  holds  about  87  cc. ;  the  stem  is  graduated  in  t^tbe 
of  a  cubic  centimeter  from  0  to  12  cc.  The  diameter  of  this  graduated  portion 
is  such  that  each  cubic  centimeter  occupies  approximately  18  mm.  in  length.  The 
total  length  of  the  burette  is  45  to  50  cc. 

There  is  a  constriction  at  the  lower  end  of  the  burette,  or  the  rubber  tube 
connecting  the  burette  with  the  leveling  tube  may  be  pinched  down  so  that  it 
requires  10  to  15  seconds  to  pass  100  cc.  of  mercury  in  or  out  of  the  burette. 

The  burette  has  a  wafer  jacket  of  sufficient  capacity  to  include  the  chamber  of 
the  burette  and  its  graduated  portion.  The  diameter  should  be  sufficient  to 
accommodate  the  bulbed  portion  of  the  burette  and  a  thermometer  suspended  bf 
its  side.    Distilled  water  boiled  free  of  air  is  ifsed  in  this  water  jacliet. 

'  Communicated  by  W.  W.  Scott 
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A  thermometer  registering  from  5  to  35°  graduated  in  tenths  of  a  degree  is 
left  suspended  in  the  water  jacket  next  to  the  bulb. 

Leeeli-  g  Tvbe.  This  is  preferably  a  straight  glass  cylinder  constricted  at 
lower  end  to  accommodate  the  heavy-walled  rubber  tubmg,  connecting  the  tube 
with  the  burette.  This  tube  ia  about  52  cm.  long  and  has  a  diameter  of  18  to 
25  mm.  The  lower  portion  of  the  tube,  where  this  is  held  by  the  hand,  has  a  cover- 
ing either  of  rubber,  or  of  a  heat-insulating  material,  to  prevent  warming  of  the 
mercury  while  making  the  test. 

CapiUary  Tvbe.    The  tube  connectiag  the  burette  with  the  pipettes  and  the 


WiQpling  pipe  should  have  a  fine  capillary— the  entire  internal  capacity  should 
"ot  exceed  1  cc.     Details  of  construction  shown  in  the  figure. 

Pipette.  The  cylinder  of  the  pipette  has  a  capacity  of  150  to  175  cc.  The 
fpette  reservoir  of  500  to  550  cc.  capacity  is  recommended. 

iteagenti.  Mercury.  Mercury  is  used  in  the  measurbg  burette.  This 
''l^uld  be  kept  bright  and  clean  and  "  drag  do  tail."  To  keep  the  gas  saturated 
*^th  nioisture  the  burette  should  contain  about  0.2  cc.  of  distilled  water  over  the 
"Jercury. 

WaUt  Sdiilion  of  Chromic  Ac.d.  A  50%  solution  is  recommended,  a Ithougli 
'  Weaker  solutbn  may  be  used.  The  strength  of  the  reagent,  however,  should 
f*  over  25%  CrO.. 

Santpiing.  The  iron  pipes  carrying  the  gas  to  and  from  the  testmg  appara 
'Us  have  a  diameter  of  j  in.  to  j  in.     The  line  is  run  from  the  positive  pressure 

'Ortat  apparatus  modified  by  T  L  Bngga  und  W.  W.  Sc>>tt 


1268  GAS  ANALYSIS 

flue  near  the  blower  to  the  testing  apparatus  and  back  to  the  minus  p 
entering  the  blower,  and  the  gas  allowed  to  flow  continuously  throuf^  this  a 
line. 

Making  the  Test.  A  volume  of  100  cc.  of  the  gas  is  drawn  into  the  chambw 
burette  {Fig.  131),  by  opening  the  stopcock  A  (B  being  closed)  andloweriDgtbe 
Ieveliiig-tube-~Stopcock  A  is  closed,  B  opened  and  the  gas  expelled  into  the  air  bf 
raising  the  leveling  tube  H,  using  care  to  prevent  mercury  bumpng  at  the  top 
of  the  reservoir.  (Mercury  carried  into  the  chromic  acid  will  reduce  this  reagmt.) 
A  second  100  cc.  of  the  gas  is  taken  and  expelled  as  before.  Finally  a  thiid 
JOO  cc,  carefully  measured,  is  taken  for  the  test.  The  top  of  the  mercm? 
columns  in  the  burette  and  leveling  tubes  should  be  exactly  level.  The  mto' 
surface  should  be  at  the  0  mark  on  the  burette.  Stopcock  B  is  always  chMd 
during  the  drawing  in  of  the  gas.  The  temperature  of  the  water  jacket  is  lurw 
observed.  Stopcock  A  ia  closed  and  stopcock  C  leading  to  the  absorption  ppette 
opened.  The  leveliiie  tube  is  raised  as  before  and  the  gas  completely  psaed 
into  the  pipette.  The  gae  is  drawn  back  into  the  measuring  burette  by  lown- 
ing  the  leveling  tube  and  measured.  The  mercury  columns  ishould  stand  at  the 
same  level,  the  reading  being  taken  at  the  surface  of  the  water  over  the  mercury. 
A  second  pass  Into  the  pipette  is  now  made  and,  if  no  further  contraction  of  the 
gas  occurs,  the  reading  taken.  The  temperature  is  observed  and  a  correctioD 
made  of  0.36  cc.  per  degree  (centigrade)  rise  or  fall  of  temperature.  This  con«- 
tion  is  added  if  the  temperature  rises,  or  is  subtracted  if  the  temperature  falls. 

The  contraction  of  the  gas,  due  to  absorption  of  SOi,  in  terms  of  cc.  giva 
the  direct  per  cent  reading. 

Example: 

100  cc.  gas  taken. 

Final  reading  91.5,  i.e.,  direct— 8.5  cc. 
Temjxirature  change  —0.4°  rise. 
Then  8.5+(.4x.36)  -8.6%  SO,. 

Tests  should  be  made  in  duplicate,  each  Orsat  having  two  pipettes.  Very 
little  more  time  ia  required  to  run  the  check  test  if  the  following  method  is  observed. 
The  first  sample  is  taken  and  passed  into  one  of  the  pipettes;  a  second  sample, 
immediately  taken,  is  passed  into  the  ."econd  pipette.  The  first  sample  is  now 
again  measured  and  then  returned  to  the  first  pipette  and  then  the  check  sample 
measured  and  returned  to  its  pipette.  The  first  sample  is  again  measured  and  if 
a  further  contraction  is  olnterved  it  is  again  pas.sed  into  its  pipette  and  the  process 
repeated  with  the  ^cond  sample.  By  thus  alternating  the  tests  and  allowing  the 
gas  to  stand  in  the  pipettes  the  second  pass  will  cause  complete  absorption  of  SOi, 
third  pass  seldom  being  necessary. 

Notes  and  Precautions.  Burette.  The  constriction  preventing  a  rapid  Sow 
of  mercurj'  accomplishes  the  following: 

1.  it  prevents  the  wave  motion  of  mercury,  which  results  from  a  rapid  flow. 
This  wave  motion  makes  it  exceedingly  difhcult  to  draw  in  100  cc.  of  gas  accurately, 
and  makes  it  necessary  to  hold  the  tube  several  seconds  until  the  motion  has  ceased 
before  taking  a  reading. 

2.  The  constriction  prevents  mercury  bumping  into  the  capillary  and  fion^ 
being  thus  carried  into  the  absorption  reagent. 
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3.  It  minimizes  the  danger  of  draving  tKe  abeorption  reagent  into  the  chamber 

Water  it?  the  Burette.  The  burette  should,  as  stated,  always  contain  about 
2cc.ofwater,overthemercuryto  saturate  the  gas  with  moisture.  Results  1  to 
%  low  will  be  obtained  if  the  burette  is  allowed  to  become  dry,  the  amount  o( 
rror  depending  upon  the  temperature  of  the  gas.  One  hundred  cc.  of  dry  gas 
zpand  upon  absorbing  moisture  to  101.2  cc.  at  10°;  101.7  cc.  at  15°;  102.3  cc. 
itM";  103.1  cc.at25°  and  104.1  cc.atSO". 

LeBding  Tvbe.  Tto  covering  recommended  prevents  warming  of  the  mer- 
my  with  the  hand.  When  the  apparatus  is  kept  stationary,  practically  no 
duage  of  temperature  takes  place  during  the  test  if  the  mercury  is  thus  pro- 
tected, BO  that  a  temperature  correction  will  not  be  required.  If  the  apparatus 
ii  moved  from  a  warm  to  cold  zone  or  vice  veisa,  temperature  correctiona  will 
become  necessary. 

Pipette.  The  form  of  pipette  shown  in  the  illustration  is  simple  and  com- 
PKt.  The  bottle  affords  both  protection  and  acts  as  a  water  jacket.  The  pipette 
is&lled  with  thin-walled  tubes  having  a  small  bore.  The  pipett«  should  be  tightly 
packed  as  loose  packing  and  lai^-bored  tubes  both  lessen  the  efficiency  of  the 
pipette,  cutting  down  the  surface  for  absorption. 

Rubber  Tvbe  Connection.  Since  sulphuric  anhydride  acts  on  rubber,  in 
pnaeuce  of  this  gas,  rubber  tubing  for  connecting  the  testing  apparatus  to  the 
Bunpling  pipe  should  not  be  used,  except  in  flush  connections  with  the  pipe  in 
contact  with  the  inlet  tube  cf  the  apparatus.  In  absence  of  sulphuric  anhydride 
the  use  of  rubber  tubing  is  not  objectionable. 

Cleaning  the  Burette  upon  Accidental  Drawing  in  of  Chromic  Acid.  Should 
tte  reagent  be  accidentally  sucked  into  the  capillary  or  into  the  burette,  it  may 
w  easily  washed  out  with  distilled  water  by  drawing  this  through  stopcock  B 
Hid  flushing  out  several  times  by  lowering  and  raising  the  leveling  tube.  The 
wcesa  water  may  be  removed  from  the  capillary  by  opening  stopcock  C  and 
tllowing  to  flow  out.  If  mercuric  oxide  is  formed  in  the  burette  it  may  be  dis- 
solved by  flushing  with  sodium  hydroxide  solution. 

Chromic  Acid  Reagert.  Theoretically,  a  charge  of  50%  aqueous  chromic 
Mid  solution  (100  g.  CrOj-i- 100  g.  H,0)  amounting  to  300  cc,  is  sufficient  to  absorb 
tt»  SOi  of  over  12,000  determinations.  In  practice,  however,  the  reagent  should 
K  renewed  long  before  the  chromic  acid  has  been  used  up  by  the  sulphurous 
icid. 

Number  of  Passes.  Although  two  passes  are  generally  sufficient  to  completely 
»l»orb  the  SO,,  it  is  necessary  to  make  a  third  pass  and  observe  whether  any 
'urther  contraction  takes  place.  If  the  reagent  is  effective  and  there  are  no 
wa  in  the  apparatus  the  third  pass  will  show  no  change. 

Lubrication  of  Stopcocks.  A  mixture  of  beeswax  and  vaseline  or  wool 
pease  (1  :  2)  has  been  found  excellent  for  this  purpose.  Not  only  does  it  lubricate 
U«  stopcock,  but  it  prevents  leaks.  Ei^ty  parts  rubber  melted  with  20  parts 
''ceiwu  IB  also  good  and  is  acid  resisting. 

Su6ber  TiAe  Connections.  Coating  the  glass  tube  with  a  viscous  solution 
<^  sealing  wax,  dissolved  in  alcohol,  or  etching  it  with  hydrofluoric  acid,  on  the 
Pwtion  covered  by  the  rubber  will  make  a  tight  joint  so  that  wiring  the  joint  will 
"ot  be  necessary, 

Paraliel  Leveling  lAnes  arc  placed  behind  the  burette  to  enable  more  accurate 
■wling  of  the  mercury  columns. 
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(b)   Nitrogen  Oxides 

Nitrogea  tetrozide,  NiOt,  and  nitrous  acid,  NiOi,  can  best  bedetemuiwdkf 
abaorption  in  standard  pernumganate  (acidulated  with  sulphuric  acid]  acoxdiif 
to  p.  GM. 

Nitric  oxide  can  be  determined  by  passing  the  gases  through  soda  lye,  tlmly 
adding  air  to  the  collected  volume,  converting  it  to  nitrogen  tetroxide  and 
mining  it  as  above  indicated. 

Nitrous  oxide  is  determined  in  the  acid-  free  gaaes  by  explosion  with  hydio|K 

(c)  Oxygen  is  usually  determined  by  acid  or  ammoniacal  cuimous  cbkiiit- 
phosphorus  is  also  employed.  The  percenti^  of  oxygen  should  not  exceed 
a  larger  amount  means  that  heat  is  being  lost  from  the  chambers  by  the  eibiiat 
gases.  Knowing  their  temperature,  the  loss  of  heat  can  be  calculated  a 
cbim.iey  gases.  I 

V.  MINE  OASES'  | 

The  gases  to  be  sought  are  those  found  in  illuminating  gas  and  for  mort  pe-  I 
poaes  the  procedure  on  p.  1248  can  be  followed.  For  small  quantities  of  mfdhut  \ 
the  apparatus  of  Haldane,  modified  and  described  by  Burrell  and  Seibert '  dwold 
be  used.  This  is  practically  an  Orsat,  using  mercury  as  the  confining  liquid 
and  with  a  compensating  tube  and  grisoumeter  for  burning  the  methane. 

For  determination  of  methane  alone,  the  apparatus  of  Shaw*  maybereaxn- 
mended.  This  determines  first  the  per  cent  of  illuminating  gas  necessary  to  vaix 
an  explosion  of  definite  strength  with  ordinary  air;  when  tiiis  has  been  4oK, 
mine  air  is  used  in  place  of  the  ordinary  air  and  3  smaller  percentage  of  illufflintl' 
ing  is  required— smaller  by  the  amount  of  combustible  gas  in  the  mine  air.  Tbe 
strength  of  the  explosion  is  measured  by  noting  by  the  ear  the  force  with  which 
the  plunger  is  driven  out  from  the  explosion  cylinder  against  a  bell. 

In  case  this  apparatus  be  not  at  hand,  Brunck's*  method  can  be  employed. 
This  consists  in  burning  the  methane  in  a  2-liter  Erienmeyer  flask  by  means  of 
an  electrically  heated  platinum  spiral.  The  flask  carrying  the  s|^ral  m  tbe 
stopper  is  sunk  inverted  in  a  vessel  of  water  and  the  current  allowed  to  pass  f« 
half  an  hour,  which  is  sufEcient  to  bum  the  methane.  Jt  is  then  cooled  and 
25  ec.  BaOiHi  <1  cc.  =  1  cc.  COi)  added,  time  allowed  for  absorption  of  the  carbcai 
dioxide  and  the  excess  of  UaOtHi  determined,  p.  728,  and  the  quantity  of  methsui 
calculated. 

Clowes  and  Redwood '  have  worked  out  a  method  for  the  detection  of  inflam- 
mable gae  in  air,  employing  the  "  flame  cap."  When  an  inflammable  atmoe|d)eK 
is  brought  in  contact  with  a  candle  or  better  a  hydrogen  flame,  the  gas  bunsi 
forming  a  "  cap,"  like  the  colorless  flame  above  the  blue  cone  in  a  Buneen  burner: 
the  length  of  the  flame  is  a  measure  of  the  percentage  of  gas,  and  as  little  as  O.l^J 
is  visible  using  the  hydrogen  flame. 

CarboB  Monoxide.  Besides  combustible  gases  or  "  fire  damp,"  it  is  some 
times  necessary  to  get  an  idea  of  the  amount  of  carbon  monoxide  ("  white  damp  " 

'  Sec  Technical  Paper  14,  Bureau  of  Mines,  "  Apparatus  for  Gas  Analysis  Labor* 
torics  at  Coal  Mines." 

'  Bull.  42,  U.  S.  Bureau  of  Mines,  17,  42,  1913,  also  Technical  Paper  39,  13. 

*  Berichte,  27,  092. 

*  0.  Brunck,  '■  Die  Chem.  Unters.  d.  Gnibeii wetter,"  1908. 

*  "  Detection  aod  EstimBtion  of  Inflammable  Gas  and  Vapor  in  the  Air,"  189f 
also  Clowes,  J.  Soc.  Arts,  41,307.  Also  McTni.'tty,  "Mine  Gases  and  Gas  Testing,"  19L 
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in  the  mine  sir  after  an  explosion  or  iu  the  "  after  damp  ";  chemical  methods, 
p.  704,  being  too  slow,  use  is  made  of  the  behavior  of  birds  and  mice  when  exposed 
to  auch  an  atmosi^ere.  To  this  end  they  are  carried  in  cages  by  the  rescuing 
party  and  their  behavior  noticed.  Canaries  show  distress  Id  an  atmosphere 
containing  0.15%  of  CO  in  five  to  twelve  minutes,  or  with  0.20%  in  half  this  time : 
Mice  are  less  sensitive,'  and  men  may  display  distress  when  carbon  monoxide  is  ae 
little  as  0.1%,  whereas  animals  may  be  unaffected.  In  case  either  is  overcome  by 
the  gas,  resuscitation  can  be  effected  by  bringing  them  out  into  the  open  air  again. 
Repeated  exposure  of  the  gas  would  seem  to  be  without  influence. 


VI.  ELECTROLYTIC  OASES 

Gases  from  electrolytic  chlorine,  hydrogen  and  oxygen  generators.  The  follow- 
ing are  to  be  sought  for : 

(a)  Chlorine,  (6)  oxygen,  (c)  carbon  dioxide,  (d)  carbon  monoxide,  (e)  hydrogen. 

(a)  Chlorine.  Hempel '  recommends  measuring  the  gas  quickly  in  his  burette 
over  water  and  then  sucking  in  5  cc.  of  50%  potassium  iodide  solution  through 
the  capillary  and  shaking;  the  diminution  in  volume  gives  the  chlorine. 

The  odier  gases  are  determined  in  the  usual  way.  As  phosphorus  cannot  be 
used  for  pure  oxygen,  a  specially  prepared  potassium  pyrogallate,  p.  735,  is 
employed;  cuprous  chloride  or  ammoniacal  cuprous  carbonate  in  the  absence  of 
carixtn  monoxide  is  very  satisfactory. 

VII.  ACETYLENE 

Commercial  acetylene  may  contain  the  following  gases: 

1.  Oxygen;  4.  Nitrogen; 

2.  Hydrogen;  5.  Sulphur-containing  gases; 

3.  Methane;  6.  Pbosphine. 

Oxygen  is  estimated  after  the  absorption  of  the  acetylene  itself  in  fuming  sul- 
phuric acid,  in  the  usual  way  with  potassium  pyrogallate.  Methane  and  hydrogen 
would  be  determined  in  this  residue,  after  treatment  with  aromoniacal  cuprous 
chloride  to  complete  the  removal  of  acetylene,  by  the  ordinary  explosion  methods, 
p.1248.    Nitrogen  would  be  left  as  a  residue. 

Sulphur-containing  gases.  These  are  most  likely  organic  suljdiides,  as 
hydrogen  sulphide  is  probably  absent,  since  the  solution  is  strongly  alkaline  from 
irtiich  the  acetylene  escapes.  They  con  be  determined  by  combustion,  as  in  illu- 
minating gaa,  p.  1260,and  best  be  reported  as  "  total  sulphur." 

Phosphlne  is  also  similarly  estimated  and  the  phosphoric  acid  determined  in 
the  UBU^  way:  the  quantity  of  PHi  rarely  exceeds  0.05%.  Acetylene  can  be 
purified  by  passing  over  bleaching  powder,  through  acid  cuprous  chloride  or 
chromic  acid :  The  candle  power  is  usually  given  as  fifty  per  cubic  foot,  or  180-200, 
when  burned  at  the  rate  of  5  cu.ft.  per  hour.  The  explosive  limits  are,  according 
lo  Clowes  '  3  to  82%,  to  Burrell  and  Oberfell,  2.5  to  73%.' 

'  Burrell,   Scibcrt   and   Robertson,   Bureau   of   Mines  Technical   Paper  62,    1914, 
"Relative  Effects  of  Carbon  Monoxide  on  Kmall  Animals."     Also  Tech.  Pnpcr  II. 
>"Ga»-.\na!ytischE  Mcihoden,"  4th  Ed.,  1913,  p.  278.  *  Op.  cit. 

<  Bureau  of  Minen  Tech.  Paper  112,  "  Exploaibility  of  Acetylene." 
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VIII.  ATMOSPHERIC  AIR 

(a)  Moisture;  (b)  Ct^bon  dioxide;  (c)  Ozone;  (d)  Carbon  monoxide;  (e) 
Bacteria. 

(a)  Moisture  *  by  chemical  means,  see  p.  1275.  The  amount  of  moisture  can 
be  determined  by  the  sling  peychrometer,  or  wet-  and  dry-bulb  thermometer  or 
by  the  hair  hygrometer.  The  eling  psychrometer  is  the  most  rapid  and  accurate— 
the  wet-  and  dry-bulb  thermometers  are  so  arranged  that  they  can  be  rapidly 
whirled  for  fifteen  or  twenty  seconds,  stopped  and  quickly  read,  the  wet  bulb 
first ;  this  is  repeated  until  closely  agreeing  readings  are  obtained.  The  humidity 
is  determined  in  the  usual  manner  from  the  mct«oro!ogical  tables. 

The  amount  of  moisture  in  the  air  is  probably  indirectly  responsible  for  our 
sensations  of  comfort  or  discomfort,  rather  than  the  amount  of  carbon  dioxide, 
as  was  formerly  thought.  This  moisture  controls  the  heat  loss  from  the  body, 
which  loss  must  be  normal — neither  too  h^h  nor  too  low.  The  greater  the 
humidity  the  less  the  evaporation,  consequently  the  less  the  cooling. 

For  comfort,  the  higher  the  t«mperature  the  less  should  be  the  humidity; 
the  followmg  shows  the  relation  between  the  two: 

TBmp.,''F 60  68'  70  80  90 

Relative  humidity,  per  cent    67  40  49  31  16 

(b)  Carbon  Dioxide.  One  of  the  most  satisfactory  methods  is  that  of  Hesse.' 
This  consists  in  absorbing  the  carbon  dioxide  from  a  definite  volume  of  air  with 

standard  barium  hydroxide  and  determining  its 
loss  of  strength. 

The  air  is  collected  in  heavy  Erlenmeyer  flasks 
of   100-500  or  1000  cc.  capacity,  or  clear  ^ass 
bottles;    these  are  stoppered  with  doubly  per- 
forated rubber  stoppers  carrying  glass  plugs  and 
the  capacity  of  the  flask  or  bottle  noted  to  the 
depth  of  the  stopper.    A  10-cc.  pipette  and  a 
,    15-cc.  glass-stoppered  burette  graduated  in  cc./IO 
with  an  8-cm.  tip,  complete  the  outfit ;  a  solution 
of  1.7  grams  of  barium  hydroxide  and  chloride 
{20  : 1}  m  a  liter  of  water,  B  Vig.  132,  and  of 
oxalic  acid  5.6325  grams  per  liter  (I  cc. -1  cc. 
COi),  with  phenolphthalein  1  :  250,  are  required. 
The  bottles  are  filled  with  steam  by  exposure 
^  for  three  minutes  and  the  vaselined  steppers  in- 

"^  -        - .--'=^°-iJ        serted,  or  they  may  be  filled  with  distilled  water 

FiQ  132.  and  opened  in  the  place  the  air  of  which  is  to  be 

examined. 
In  all  this  work,  it  should  be  remembered  that  the  exhaled  breath  contains 
about  400  parts  carbon  dioxide  per  10,000,  consequently  care  should  be  taken 
not  to  contaminate  the  samples,  nor  should  they  be  wanned  with  the  hand. 

The  10-ec.  pipette  is  partly  filled  from  the  tube  A ,  Fig.  132,  by  means  of  the 

rubber  connector  and  sucking  the  liquid  into  the  pipette:  it  i:<  rinsed,  filled  and 

'Benedict,  "The  Composition  of  the  .Atmosphere  with  Special  Reference  to  its 

Oxygen  Content,"  CameRie  Institution  o(  Washington,  1912,  Publication  No.  166. 

'  For  indoor  work.       '  Eulcnbot^'s  Vicrt^ljahrschr.  t,  ger.  Med.  u.  San.  N.  F.,  81. 2. 
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inserted  through  one  of  the  holes  in  the  rubber  stopper  of  the  bottle,  the  other 
plug  being  momentarily  opened.  The  plugs  are  replaced  and  the  bottles  alloved 
to  rest  on  their  sides,  with  occasional  rolling,  for  twenty  minutes.  Not 
-more  than  one-fifth  of  the  solution  should  be  used  up  by  the  carbon  dioxide 
present. 

During  this  time,  the  barium  hydroxide  should  be  standardized;  to  this  end 

.  a  few  drape  of  phenolphthalem  and  a  quantity  of  the  oxalic  acid  almost  sufficient 

J  to  neutralize  the  hydroxide  should  be  run  into  a  JOO-cc.  Erienmeyer  flask  from  the 

burette;  this  should  be  passed  through  the  doubly  perforated  stopper;    10  cc.  of 

the  barium  hydroxide  solution  are  run  into  the  flask  as  above  described,  and  also 

the  oxalic  acid  mitil  a  pink  color  appears. 

Pfaenolpbthalein  is  added  to  the  bottles  contaming  the  samples,  the  oxalic 
add  burette  inserted  through  the  stopper  and  the  excess  of  barium  hydroxide 
titnted. 

The  barometric  pressure  and  temperature  in  the  laboratory  are  noted  and 
Um  volume  of  the  bottle  less  10  cc.  (BaOiHi)  calculated  to  standard  conditions; 
tbe  difference  in  the  titer  of  the  barium  hydroxide  solution  gives  the  volume  of 
eaiboD  dioxide  in  the  bottle;  this  is  calculated  into  part«  per  10,000. 

Other  methods  for  this  determination  are  more  strictly  gasometric,  measuring 
the  diminution  in  volume  by  absorption :  Benedict '  used  Sondcn's,  and  Anderson ' 
ReoDunends  a  shortened  form  of  the  Pettersson-Palmquist  apparatus. 

Tiaa  may  be  described  as  an  Orsat  apparatus  using  mercury  instead  of  water 
ud  with  a  25-cc.  burette  the  lower  part  of  which  is  graduated  to  0.0025  cc. ;  this 
iscomiected  to  a  pipette  of  potassium  hydroxide,  a  delicate  manometer  and  com- 
poiffiting  tube.  The  apparatus  is  delicate  and  rapid,  but  requires  a  skilled 
operator  to  manipulate  it. 

The  amount  of  carbon  dioxide  in  the  outdoor  air  in  the  city  is  about  3.1  parts 
per  10,000,  in  the  house,  3.7-3.9;  with  6-7  parts  in  a  room,  the  ventilation  may 
Ik  considered  as  excellent,  with  10  parts  as  about  the  upper  Jimit.  In  some 
Uiestera  which  were  lighted  by  gas  it  approached  60  parts. 

{e)  Ozone.  Probably  most  conveniently  determined  by  Wurster's  method, 
P-1241. 

IkUrminalioH  of  Ozone  Iodide  Method  of  SchOfAein.*  The  method  depends 
upoa  the  reactiou 

2KH-O,+H,O=I.-l-0,-l-2KOH. 
Procedure.     A  glass  bulb  of  300  cc.  to  400  cc.  capacity  (the  exact  capacity 
heing  determined  by  weighing  empty,  then  full  of  water)  with  two  tubes  at  opposite 
odes,  closed  by  stopcocks,  one  of  which  was  a  three-way  cock,  is  filled  with  water. 
The  ozone  tested  is  introduced  into  the  vessel,  displacing  thewat«r.     The  gas 
»  brought  to  atmospheric  pressure  by  quickly  opening  and  closing  one  of  the 
^b.    A  solution  of  2N  potassium  iodide  is  introduced  in  excess  of  that  required, 
tWu^  the  three-way  cock  by  means  of  a  second  bulb  connected  by  rubber  tube 
to  the  vessel,  after  displacing  the  air  in  the  rubber  connection  through  the  cock. 
fV  mixture  is  well  shaken  and  allowed  to  stand  half  an  hour.     The  contents 
of  the  bulb  are  washed  out  with  additional  iodide  solution  followed  by  distilled 
*Uer  and  the  liberated  iodine  titrated  with  standard  thiosulphate. 
1  cc.  N/10  Na,S/)i  =0.0024  g.  Oj. 
'Op.  cit  '  J.  Am.  Chem.  Soc.  ?6,  162,  1913. 

' Further  details  of  this  method  may  be  found  in  Treadwell  and  Hall  "Quantitative 
Amlyw." 
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ijy  llaf  (jl'xjd  u»-t:  b>  thif  <nd  tfat  ^e  e  dnvii  iluvo^  a  idinioB  (rf  Uood  «■- 
Uoijx]  in  »  Wotff.  Fq;.  I  IS. '«-  -imilar  al>wrptkia  tobr  and  ^aauntd  fw  Of  ^Kop- 
li'jTj  -jcrrrrjiii.  The  tj^fTir)  riAmi'jti  y  made  by  mniiK  ox  Hood  vbch  hw  boB 
'Irrfil^.'i^VyJ  W  wLipptn^  viih  ui  ^qual  qtia&titr  of  a  «dU  sMonud  rofatiao  <tf 
Ujm.  tfii>*  lan  t«  k«pt  'ac  a  <s>k:^beil  raa^enri  in  the  Uxntccy  fv  BMntk. 
T)>t'  "Jutkyfi  it  diluuij  witb  19  vJumes  of  water,  pving  a  sohnkn  <rf  falood  ti  i 
1  ifi  ¥>  wiiirh  i^  pbtt*^  in  the  atiwfption  tube.  Tbe  air  is  dn«ii  ihmag^  it  it 
a  rai«  'A  '4  liben  |^t  hr«r.  n<]uintif  10  liters  in  mcdc  cuk:  Ifae  anhiDoa  Ie  pil  ii  I 
a  thin  flat-fvkil  iK/ltl*:  and  ^p«rctr(«*fqiieally  namiiMd. 

Pun  dilute*!  M'»id.  Fi)E.  133,  eImivs  two  dari:  afasorptiaa  baixfe.  s 
indw-nn  tlif.  D  mid  E  Hoe:  these  are  welded  into  one  bn»d  bgutd  br  n 
a<!  NlltSfl.  spectrum  4:  Uood  which  hae  absorbed  caitioa  monoxide  dioas  tio . 
ifT'jad'T  \Aiii4i:  in  iFk^  .'iiUBe  pUw.  i<pe<rtnun  3,  which  ai«  unaffeeied  br  rednaig 
ageobi.    Tbe  quaotitative  detennination  depends  upon  the  equation, 

5CO+IiO.-5COi+I^ 
Thin  ha*  Ijeen  i!tudied  b>'  Kinoicutt  and  i^anfurd  '  £^  reemth-  hv  HotpauA 
SteVtlinrUrr^  atid  by  the  writer.  The  process  consists  in  Eockn^g  the  air  throogk 
the  iifdhie  pentiixidc  (V>ntained  in  a  U-tube  heated  in  rottocaeed  col  or  glj*** 
l«th  Ut  i  ■Vf,  pawing  the  iodine  into  potassium  iodide  sohition  and  thai  absntuf 
tbe  carbon  dkndde  in  standaid  faariuB 
hydroxide.  Both  the  Jodine  and  bu- 
him  hydroxide  solutionfl  are  titntN. 
The  last  two  innctigatois  call  pf 
ticular  attention  to  the  ease  vith 
which  iodine  pentoxide  at  150°  B 
decompoaed  by  orpnic  matter,  pv 
ticulariy  stopcock  grease;  tbe  poi- 
toidde  should  be  sealed  into  tbe 
U-tube,  as  glass  stopcocks  cannot  be 
used.  The  writer  can  substantiite 
this  statement,  and  would  eugg^ 
further  that  the  U-tube  be  chemiolly 
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rlranrj  with  cli-aning  stilution  (Xa^r^j+H^O.)  before  filUng  wfth  IjOt,  as  idl 
fl«  tlie  tiilx*  throURh  which  the  gas  is  sucked  before  reaching  the  U-tube;  mbbtf 
connections  should,  if  posttihlc,  be  avoided,  and  the  tubing  should  have  bets 
clruiiHcd  by  warming  with  dilute  soda  lye  and  washing.  The  U-tube  should  be 
ilmwn  down  to  the  same  size  as  the  connecting  glass  tubing  and  the  two  hutted 
closely  t<igctlii;r  in  tlie  cleanHed  rubber  connector. 

The  iodine  ih  titrated  with  X/TCCO  thiosulphate  and  every  2.27  mg.  of  iodine 
comwjKuids  to  1  cc.  of  carlxin  monoxide  under  standard  conditions;  the  carbon 
dioxidfi  is  a))!4)rlN^  in  the  hydroxide  contained  in  a  long  test-tube  24X2.5  cm.  and 
titmt<!d  with  oxalii:  aciil  (I.l2(i5  grams  crystallized  acid  to  1  liter)  using  pbenol{d>' 
thulcin;  5  a:  of  the  acid  are  equivalent  to  1  ec.  of  carbon  dioxide. 

Iliildinm'  states  that  as  little  as.01%of  carbon  monoxide  can  be  determine" 
colorimetrifally  by  alisorbing  in  diluted  blood  and  comparing  it  with  standfti^ 
carmine  soiuticn;  carbon  monoxide  turns  the  brownish  yellow  color  of  the  bloo* 
to  pink. 

(e)  Bacteria.  See  "Standard  Methods  for  Bacterial  £zainicationof  Air- 
Am.  J.  Tub,  Health,  6,  No.  3,  J910. 

•J.  Am.  Ciicu).  Soc.,  22,  14, 1900.     >  ibid.,  39,  1589,  1907.    ^Otnres,  op.  cit.,  l^ 
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Fia.  134. 
ooBture  to  phosphor 


DETERMINATION  OF  MOrSTURE  IN  OASES 

The  gas  to  be  tested  is  passed  through  a  dehydrating  agent  such  as  phosphorus 
ntoxide,  PjOi,  alumina,  Alid,  or  hme,  CaO,  contained  in  a  weighed  U-tube, 
Fig,  134,  The  following  facts  should  be  borne  in  mind  in 
selecting  the  dehydrating  agent :  (a)  It  should  not  absorb 
the  gas;  (b)  it  should  not  react  chemically  with  the  gas. 
For  example — lime  or  alumina  could  not  be  used  for 
determining  moisture  in  sulphur  dioxide,  nor  could  phos- 
phorus pentoxide  be  used  in  determining  moisture  in 
ammonia.  For  the  former,  phosphorus  pentoxide  is  best, 
and  for  the  latter,  lime.  Alumina  that  has  been  care- 
fully heated  to  1400°  is  useful  for  determining  moisture 
in  neutral  gases.  It  should  be  remembered  that  gases 
dried  over  calcium  chloride  will  give  up  moisture  to 
strong  sulphuric  acid,  and  these  in  turn  will  give  up 
js  pentoxide;  Professor  Morley  has  even  determined  the 
unount  of  moisture  that  is  left  after  this  latter  treatment. 

Procedure,    The  volume  of  the  gases  required  for  the  test  varies  widely 
ucording  to  the  percentage  of  moisture  in  the  gas,  1000  cc.  to  t — - 
10,000  ce,  are  generally  required.     For  minute  amounts  of  moist-         ) 
m  it  may  be  necessary  Iq  lead  the  gas  over  the  dehydrating 
igent  for  a  (pven  length  of  time,  using  a  manometer  or  differ- 
ence gauge,  or  a  gas  meter.    The  absorption  tube  is  weighed 
Wore  and  after  the  test  and  the  increase  in  weight  taken  as  the 
nuisture  content  of  the  gas. 

Method  of  Determining  Gasolene  Vapor  in  Gaseous 
Hiztores,'  Fig.  135  shows  the  apparatus  for  the  gasolene- vapor 
ietennination.  The  bulb  a  contains  phosphorus  pentoxide  for 
fWDoving  water  vapor.  If  the  latter  were  not  removed  it  would 
tin  be  retained  at  low  temperatures  and  would  subsequently 
3eit  pressure  when  measurement  was  being  made  of  the  pres- 
"ttre  exerted  by  the  gasolene  vapor. 

To  start  a  determination  the  apparatus  is  connected  to  a 
inium  pump  and  its  air  exhausted.  The  mixture  of  gasolene 
ipor  and  air  is  then  introduced  at  atmospheric  pressure,  the 
Anmeter  is  read,  and  the  two  bulbs  are  immersed  in  liquid  air 
nntained  in  a  Dewar  flask.  After  about  ten  minutes,  the  air  is 
wuoved  from  the  apparatus  with  a  vacuum  pump.  The  stop- 
xek  on  the  apparatus  is  then  closed,  the  liquid  air  in  the 
Dewar  flask  removed,  the  gasolene  allowed  to  vaporize,  and  its 
ponite  read  on  the  mercury  manometer  attached  to  the  appa-  ^^ 
ntin.  The  ratio  of  this  pressure  to  the  pressure  of  the  atmos-  f^Q-  ^ 
PIkr  gives  the  percentage  of  gasolene  vapor  originally  in  the  air. 

'  U.  S.  Bureau  of  Mines,  Technical  Paper  No.  115,  Buirell  and  Boyd. 
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DETERMINATION  OF  NITROGEN  BY  THE  NITROMETER' 

The  nitrometer,  Fig.  136,  consists  of  a  gas-generating  bulb  fitted  at  the  tcp 
with  a  two-way  cock  leading  to  a  dissolving  cup  and  a  gas-exit  tube,  and  which 
has  at  the  bottom  a  connection  for  a  rubber  tube  leading  to  a  leveling  tube,  the 
whole  being  filled  with  mercury  to  a  level  just  below  the  upper  cock;  a  cylindrical 
glass  measuring  tube  graduated  from  0-100  cc.  connected  to  a  leveling  tube  tbrou^ 


a  T-tube  leading  to  an  equilibrium  tube.  The  latter  is  shaped  like  an  inverted 
100-cc.  pipette  graduated  downward  below  the  bulb  from  100-130  cc.  The  whole 
system  is  filled  with  mercury  so  that  the  measuring  tube  may  be  completely  dis- 
charged by  raising  the  leveling  tube. 

AdjusUr.g  Ike  Equilibriwn  Ttibe.  The  volume  of  100  cc.  of  dry  air  at  0°  C. 
and  760  mm.  under  the  temperature  and  barometric  conditions  prevailing  at  the 
time  is  calculated,  3  drops  of  98%  sulphuric  acid  are  drawn  into  the  tub&and 
the  level  of  the  mercury  fixed  in  accordance  with  the  calculation.  The  co^k  of 
the  tube  is  then  closed  and  sealed  with  melted  paraffin.  The  volume  in  this  tube 
may  be  confirmed  at  any  time  by  opening  the  measuring  tube  and  adjusting 
the  leveling  tube  bo  that  the  level  is  the  same  in  the  three  tubes.  The  volume  ot 
gas  in  the  equilibrium  tube  is  then  read  and  compared  with  the  calculated  volume 

I  Joyce  and  La  Tourette,  J.  Ind.  and  Eng.  Chem.  6,  1017,  1S13. 
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at  the  time,  a  correction  in  the  subsequent  gas  readings  in  the  measuring  tube 
being  made  accordingly. 

Nitrogen  in  Potassium  Nilrale.  Approximate!]'  0.4  gram  potassium  nitrate 
ia  {daced  ia  a  weighing  tube,  dried  two  hours  at  110°  C,  desiccated  twenty-four 
houra  over  sulphuric  acid  and  weighed  exactly  by  difference  into  the  cup  of  tlie 
ffts-generating  bulb.  This  ia  dissolved  in  9  cc.  95%  sulphuric  acid,  added  through 
a  siphon  thistle  tube,  entering  the  top  of  the  dissolving  cup  through  a  ti^t-fitting 
nibber  atopper.  When  the  salt  is  dissolTed  it  is  drawn  into  the  gas^^neiating 
bulb  and  follawed  by  two  washings  1.5  cc.  each  of  95%  acid.  Th^  bulb  ia  then 
ahakea  with  a  motion  normal  to  its  long  dimension  u  ntil  the  volume  of  gas  deter- 
mined by  a  roui^  paper  scale  pasted  on  the  leveling  tube  becomes  constant,  this 
operatioa  taking  from  three  to  five  minutes. 

The  gas  is  passed  into  the  measuring  tube,  and  after  standing^five  minutes  the 
leveling  and  measuring  tubes  are  so  adjusted  that  the  level  in  the  equilibrium  tube 
reads  100  cc.  and  is  the  same  as  the  level  in  the  measuring  tube.  The  reading  of 
the  latter  is  then  taken.  Aa  the  temperature  and  barometric  conditions,  in  so  far 
as  they^  affect  the  measured  volume  of  the  gas,  are  automatically  compensated 
by  the  equilibrium  tube,  and  aa  the  gas  is  washed  with  sulphuric  acid  and  is,  there- 
fore, dry,  the  percentage  of  nitrogen  may  be  calculated  directly,  correcting  only 
for  the  calibration  of  the  equilibrium  and  measuring  tubes.  Seventeen  deter- 
minations made  when  the  room  temperature  ranged  from  20-28"  gave  13.71% 
nitrogen,  the  theoretical  being  13.84%. 

The  nitrometer  gives  reliable  results  within  0.02%  in  nitrat«  nitrogen,  using 
0.4r-0.5  gram  sample.    It  is  not  available  for  the  determination  of  nitrc^i^en  in 
celluloid  or  other  substances  containing  carbon  ring  compounds  which  appear 
to  [ffevent  the  complete  liberation  of  nitric  oxide  in  the  presence  of  sulphuric   ■ 
aeid  and  mercury. 

Besides  the  corrections  for  calibration  and  standardization  of  the  nitrometer 
in  accordance  with  temperature  and  baromet«r,  the  gas  readmgs  should  be  cor- 
rected for  solubility  of  nitric  oxide,  which  diminishes  when  the  temperature  goes 
above  28°  C,  and  the  formation  of  other  gases  by  the  breaking  up  of  the  cellulose 
molecule  which  increases. 

The  following  table  gpves  the  algebraic  sum  of  these  two  corrections  for  tem- 
peratures iBDging  from  20°  to  35"  C.  • 


Temp. 

Co. 

Temp. 

Cc. 

20. 0-27. G 

28.0 

29.0 

+0.90 
+0.74 
+0.34 

30.0 
30.fi 

31.0-36.0 

-0.14 
-0.70 
-0.94 
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REAGENTS  AND  TABLES 

The  re&i^ts  used  in  gaa  analysis,  particularly  m  the  absorptioi  a|Y)■nta^ 
are  comparatively  few  and  easily  prepared. 

Hydrochloric  Acid,  Sp.  gr.  1.10.  Dilute  "muriatic  acid"  vith  an  fqual 
volume  of  water.  In  addition  to  its  use  for  preparing  cuprous  chloride,  it  fodi 
employment  in  neutralizing  the  caustic  solutions  which  are  unavoidaUy  men 
or  less  epilled  during  their  use. 

Fuming  Sulphuric  Acid.  Saturate  "  Nordhausen  oil  of  vitriol "  with  sul- 
phuric-anhydride.  Ordinary  sulphuric  acid  may  be  used  instead  of  the  Noid- 
hausen;  in  this  case  about  an  equal  weight  of  sulphuric  anhydride  will  be  oecaeKj- 
Absorption  capacity,  1  cc.  absorbs  8  cc.  of  ethene  (ethylene). 

Add  Cuprous  Chloride.  The  directions  given  in  the  various  text-bw^ 
being  troublesome  to  execute,  the  following  method,  which  ia  simpler,  has  been 
found  to  ffve  equally  good  results:  Cover  the  bottom  of  a  two-liter  bottle  with 
a  layer  of  copper  oxide  or  "  scale  "  g  in.  deep,  place  in  the  bottle  a  numb^  of 
pieces  of  rather  stout  copper  wire  reaching  from  lop  to  bottom,  sufficient  to  make  I 
a  bundle  an  inch  in  diameter,  and  fill  the  bottle  with  common  hydrochloric  acid 
of  1.10  sp.gr.  The  bottle  is  occasionally  shaken,  and  when  the  solution  is  color- 
less, or  neaHy  so,  it  is  poured  into  the  half-liter  reagent  bottles,  containing  copper 
wire,  ready  for  use.  The  space  left  in  the  stock  bottle  should  be  immediately 
filled  with  hydrochloric  acid  (1.10  sp.gr.). 

By  thus  adding  acid  or  copper  wire  and  copper  oxide  when  either  ia  exhaustxl* 
a  constant  supply  of  this  reagent  may  be  kept  on  hand. 

The  abiorption  capacity  of  the  reagent  per  cc.  is,  according  to  Winkler,  15  cC- 
CO;  according  to  Hempel  4  cc.  The  author's  experience  wi^  Orsat's  apparatus 
gave  1  cc. 

Care  should  be  taken  that  the  copper  wire  does  not  become  entirely  dissolved 
and  that  it  extend  from  the  top  to  the  bottom  of  the  bottle;  furthermore  th<? 
Stopper  should  be  kept  thoroughly  greased  the  more  effectually  to  keep  out  ttw^ 
air,  which  turns  the  solution  brown  and  weakens  it. 

Ammouiacal  Cuprous  Chloride.  The  acid  cuprous  chloride  is  treated  witt»- 
ammonia  until  a  faint  odor  of  ammonia  is  perceptible;  copper  wire  should  b^ 
kept  in  it  similarly  to  the  acid  solution.  This  alkaline  solution  has  the  advantage 
that  it  can  be  used  when  traces  of  hydrocliloric  acid  vapors  might  be  harmful  t<^ 
the  subsequent  determinations,  as,  for  example,  in  the  determination  of  hydrogen- 
by  absorption  with  palladium.  It  has  the  further  advantage  of  not  soiling 
mercury  as  does  the  acid  reagent. 

Absorption  capacity,  1  cc.  absorbs  1  cc.  CO. 

Cuprous  chloride  is  at  best  a  poor  reagent  for  the  absorption  of  carbonic  oidd«  ^ 
to  obtain'the  greatest  accuracy  where  the  reagent  has  been  rouch  used,  the  ga^ 
should  be  passed  into  a  fresh  pipette  for  final  absorption,  and  the  operation  con.—" 
tinued  until  two  consecutive  readings  agree  exactly.  The  compound  formed  b^* 
the  absorption — possibly  CuiCOCl,— ^is  very  unstable,  as  carbonic  oxide  may  b^ 
freed  from  the  solution  by  boiling  or  placing  it  in  vacuo;  even  if  it  be  shaken  uf3 
with  air,  the  gas  is  given  off,  as  shown  by  the  increase  in  volume  and  subsequenttf 
diminution  when  shaken  with  fresh  cuprous  chloride. 

Hydrogen.  A  simple  and  effective  hydrogen  generator  can  be  made  b^ 
joining  two  6-in.  calcium  chloride  jars  by  their  tubulatures.    Pure  sine  is  fiUe^^ 
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in  as  far  as  the  conatriction  in  one,  and  the  mouth  closed  with  a  rubber  stoi^r 
eaiT)-ing  a  capillary  tube  and  a  pinchcock.  The  other  jar  is  filled  with  sulphuric 
aeid  1  :  5  which  has  been  boiled  and  cooled  out  of  excess  of  air.  The  mouth  of 
this  JBT  is  closed  with  a  rubber  stopper  carrying  one  of  the  robber  bags  used  on 
the  simple  pipettes. 

Mercury.  The  mercury  used  in  gas  analysis  should  be  of  sufficient  purity 
as  not  to  "  drag  a  tail "  when  poured  out  from  a  clean  veasel.  It  may  perhaps 
be  most  conveniently  cleaned,  except  from  gold  and  silver,  by  the  method  of 
J.  M,.  Crafts,  which  consists  in  drawing  a  moderate  stream  of  air  through  the  mer- 
cury contained  in  a  tube  about  3  ft.  long  and  1}  ins.  internal  diameter.  The  tube 
is  supported  in  a  mercury-tight  V-ehaped  trough,  of  size  sufficient  to  contain  the 
metal  if  the  tube  breaks,  one  end  being  about  3  ins.  higher  than  the  other.  Forty- 
eight  houre'  passage  of  air  is  sufficient  to  purify  any  ordinary  amalgam.  The 
mercury  may  very  well  be  kept  in  a  lai^  separatory  funnel  under  a  layer  of 
stroi^  sulphuric  acid. 

Or  Meyer's  method  '  may  be  used.  A  separatory  fuitnel  is  used  to  hold  the 
mercury.  The  delivery  tube  of  the  funnel  is  slightly  narrowed  0.5  cm.  from  the 
knrer  end.  Over  this  side  is  bound  with  twine  a  piece  of  rather  closely  woven 
muslin.  The  mercury  is  allowed  to  flow  through  the  cloth  into  a  solution  of 
mercury  nitrate  contained  in  a  tall  cylinder,  with  stopcock  at  the  lower  end. 
The  tip  of  the  funnel  with  the  muslin  dips  under  the  surface  of  the  cleaning 
solution.  The  purified  mercury  is  drained  off  from  the  bottom  of  the  cylinder. 
It  can  also  be  purified  except  from  traces  of  zinc  by  distillation. 

PtUadous  Chloride.  Hve  gnuna  palladium  wire  are  dissolved  in  a  mixture 
of  30  cc.  hydrochloric  and  2  cc.  nitric  acid,  this  evaporated  just  to  dryness  on  a 
water  bath,  redissolved  in  5  cc.  hydrochloric  acid  and  25  cc.  water,  and  warmed 
until  solution  is  complete.  It  is  diluted  to  750  cc.  and  contains  about 
1%  of  palladous  chloride.  It  will  absorb  about  two-thirds  of  its  volume  of 
hydrogen. 

PliOBphonis.  Use  the  ordinary  white  i^osphonis  cast  in  sticks  of  a  size 
suitable  to  pass  through  the  opening  of  the  tubulated  pipette. 

Potssslum  Hydrate,  (a)  For  carbon  dioxide  determination,  500  grama  of 
the  commercial  hydrate  are  dissolved  in  I  liter  of  water. 

Abaorptiim  eapadty.     C  ne  cc.  absorbs  40  cc.  COi. 

(6)  For  the  preparation  of  potassium  pyrogallate  for  special  work,  120  grams 
of  the  commercial  hydrate  are  dissolved  in  100  cc.  of  water. 

Potassium  Pyrogallate.  Except  for  use  with  the  Orsat  or  Hempel  apparatus, 
this  solution  should  be  prepared  only  when  wanted.  The  most  convenient  method 
is  to  weigh  out  5  grams  of  the  solid  acid  upon  a  paper,  pour  it  into  a  funnel  inserted 
in  the  reagent  bottle,  and  pour  upon  it  100  cc.  of  potassium  hydrate  (a)  or  (6). 
The  acid  dissolves  at  once,  and  the  solution  is  ready  for  use. 

If  the  percentage  of  oxygen  in  the  mixture  does  not  exceed  28,  solution  (a) 
may  be  used;'  if  this  amount  be  exceeded,  (b)  must  be  employed.  Otherwise 
cartxmic  oxide  may  be  given  off  even  to  the  extent  of  6%. 

Attention  is  called  to  the  fact  that  the  use  of  potassium  hydrate  purified  by 
■leohol  has  ^ven  rise  to  erroneous  results. 

Abtorptum  capad^.    One  cc.  absorbs  2  cc.  0. 
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Sodium  Hydrate.  DiBsolve  the  commercial  bydmte  in  three  times  its  wei^t 
of  water.  This  may  be  employed  in  all  cases  where  solution  (a)  of  potassium 
hydrate  is  used.  The  chief  advantage  in  its  use  is  its  cheapness.  Sodium 
pyrogallate  is,  however,  a  trifle  slower  in  actioa  than  the  carreeponding  potas- 
sium  salt. 
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IB. 3 

HoiBture  In  the  Air.  ■  Twenty  tests  m  de  on  differ^t  days  extending  from  October 
17th  to  November  10th,  1916,  at  a  period  sgreeing  closely  with  the  average  utmoqiberii; 
conditioDB,  gave  results  varying  from  0,1510  gram  to  0.6031  gram  water  vapor  per 
standard  cubic  foot.  The  average  of  the  results  was  0.2468  gram  moi"ture  per  cubicfiwl 
of  air.  Omittii  g  three  rainy  days  of  this  period  the  average  moisture  of  the  liir  in  the 
laboratory  ^75°  P.)  was  found  to  be  0.2141  gram  oer  cubic  toot. 

It  is  an  mteresting  Tact  that  at  75°  F.,  52  per  cent  sulphuric  acid  (recommended  ss  * 
standard)  is  in  equilibrium  with  air  coutaimng  0.213T  gram  moisture  per  cubic  foot, 
according  to  an  average  of  results  by  W.  W.  Scott  and  a  calculation  from  Sorel's  table 
on  tension  of  aqueous  vapor  in  mixtures  of  sulphuric  add  and  water. 


TABLE  2 
Specific  Heats  of  Gases  at  Constant  Volume 

V(dntiietrio.< 

Air 0.243    0,019 

Carbon  dioxide 0.234    0.027 

Carbonic  orida 0.245     0.019 

Hydrogen 3.41      0.019 

"  lUuminants  " 0.404*  0.040 

Methane 0.593    0.027 

Nitrogen 0.244    0.019 

Oxygen 0.217    0,019 

Aqueous  vapor 0.480     

The  "  volumetric  "  specific  heat  is  the  quantity  of  heat  a 
perature  of  1  cuit.  of  gas  from  32°  F.  to  33*  F. 

'  Communicated  by  W.  W.  Scott. 

*  H.  L.  Payne,  Jour.  Anal,  and  Applied  Chem.,  7,  233. 

■Ethylene. 
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CAu>BtPtc  PowBR  OF  Vabiodb  Gabbs  '    IN  Bbttish  Thbru^  UNrrs  i 
Foot 


Name. 

Bymbol. 

oo-F.i„.i.r 

^^."^ 

p"t'°F 

So 

CH. 

QH, 

C.H,o 

c;h„ 

c.  „ 

V. 

C,H, 

326.2 
323-5 
1009.2 

2521 
3274 

isss" 

2347.2 
3807.4 
1478,7 

345  4 
341.2 
1065.0 
2000.0 
1861,0 
2657-0 
3441.0 
4255.0 
5017.0 
1674,0 
2509.0 
4012.0 
1477.0 

Carbonic  oxide. 

Clhon. 

Henite' 

Ethyleoe 

AeetfleDe 

TABLE  4 

1  pound  =4.'>3.59  grftiM  1  (nloric  =3.969  B.t.u. 

Irubicinch  -16.39  cc,  1  cubic  meter  =35.31  cu.tt. 

1  cubic  foot  -28.315  litetB 

1  B.t.u.  per  cu.ft.  =8.89  calorie  per  cubic  1  calorie  per  cu.  meter =0.1124  B.t.u.  per 

meter  cu.ft. 

1  in.  H^  pressure  =  1.87  mm.  H(5 pressure  1  mm.  Hg  pressure  =0.533  in.  HtOpz^s- 

Acetylene 
■^Wheats — Puminf!  sulphuric  acid.    Ammoniacal  cuprous  chloride  produces  a  red 
color.    Used  OS  qualitative  test. 

Ethylene  (in  presence  of  Acetylene) 
AWrbcnt — Fuminj?  sulphuric  acid  absorbs  Acetylene  and  Ethylene,     Cold  bromine 
or  iodine  sol.     Ethylene  not  attaclced.    Hence  determined  both  by 
HpSO,+SO,  and  Ethylene  by  Br.     Diff.  =  Acetylene, 

Benzene 
Awnbent — FUmine  eulphuric  acid.     Bromine  water  +Br.    COj  is  first  absorbed  by 
KOH  (saturated  with  benzene  vapor),  then  benzene  in  fuminfc  .sulphuric 
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DETERMINATION  OF  SULPHUR  DIOXIDE  IN  THE 
ATMOSPHERE' 

This  method  is  used  for  the  determination  of  less  than  10  and  will  detect 
aaUttle  aa  0.1  part  of  Bulphur  dioxide  per  million  by  volume. 

Determinatiooa  can  be  made  in  the  field  at  the  rate  of  one  every  5  minutes. 

The  method  depends  upon  measuring  the  bleaching  effect  of  the  sample  of 
atmosphere  on  starch  iodide  solution  by  the  amount  of  standard  iodine  solution 
required  to  restore  the  tint  to  that  of  an  equal  quantity  of  the  same  solution 
which  has  been  treated  mechanically  in  a  barren  atmosphere  in  the  same  way 
and  under  the  same  conditions  in  respect  to  temperature,  light,  kind  and 
surface  area  of  glassware. 

Two  aspirator  bottles  of  20  to  24  liters  capacity  each  are  employed;  one 
(S),  the  exact  volume  of  which  is  known,  is  the  holder  in  which  the  sample  is 
measured  and  treated  with  starch  iodide  solution;  the  other  (A)  is  a  check 
bottle  in  which  a  barren  atmosphere  is  treated  with  an  equal  portion  of  the 
starch  iodine  solution.  The  two  bottles  should  be  of  the  same  sort  of  ^ass 
and  of  appronmately  the  same  capacity. 

Battle  A,  the  check  bottle,  has  a  solid  rubber  stopper  in  the  upper  tubulure 
and  in  the  lower,  a  rubber  stopper  with  a  f-inch  hole  (6)  which  is  closed  by  a 
^a88  plug  (a).  The  glass  plug  should  fit  so  it  will  retain  liquid  in  the  bottle 
but  can  be  removed  with  little  effort. 

Bottle  B,  the  sample  bottle,  has  the  upper  tubulure  fitted  with  a  rubber 
stopper  having  a  j-inch  hole  closed  permanently  by  a  glass  stopcock  (c)  tube. 
The  lower  tubulure  is  outfitted  in  a  similar  manner,  but  the  stopcock  i.g)  tube 
must  fit  not  so  firmly  in  the  hole  (b)  that  it  cannot  be  easily  pulled  out. 

The  titrating  bottles  (C  &  D)  should  be  alike  and  of  clear  white  glass. 
Bottles  2}  inches  diameter,  6^  inches  high  and  fitted  with  No.  8  rubber  stoppers 
are  suitable.  The  stopper  to  each  of  these  bottles  have  each  a  2  or  3  mm.  bore 
vent  tube  (if),  a  J-inch  L  tube  (e)  which  must  not  extend  beyond  the  surface 
of  the  stopper  inside  of  the  bottle  and  must  fit  the  holes  (6)  in  the  lower  tubu- 
lures  of  the  aspirator  bottles.  The  J-  to  ^-inch  hole  (/),  which  is  closed  by 
the  forefinger  or  by  a  glass  plug  during  a  part  of  the  process  of  determination, 
may  have  inserted  in  it  a  J-inch  glass  tube  as  the  finger  seat.  These  bottles 
should  be  marked  in  some  way  to  distinguish  the  one  from  the  other. 

The  mixing  bottle  (£)  of  about  500  cc.  capacity  is  kept  free  of  dust  by  a 
rubber  stopper. 

The  10  or  15  oc.  burette  for  the  iodine  solution  should  have  a  long  dehvery 
tube  so  that  the  iodine  may  be  discharged  through  the  hole  (/)  clear  of  the 
stopper. 

The  vacuum  pump  is  the  type  having  a  plunger  barrel  2j  by  16  inches. 

The  vacuum  gauge  should  be  provided  with  a  scale  upon  which  are  marks 
indicating  the  vacuum  to  be  attained  corresponding  to  the  temperature  pre- 

The  method  of  making  this  calculation  so  that  burette  readings  may  be  con- 
verted directly  to  parts  per  million  by  volume  is  formulated  as  follows: 
F '- 

«K    B       r  ■ 

'  BqMrt  of  the  Selby  Smelter  CommissioD,  BuUelin  9S,  Bureau  of  Mines. 


1284  GAS   ANALYSIS 

where  F  =  Fraction  of  volume  it  is  desired  that  each  cc.  of  the  iodine  solution 
shall  correspond  to  in  terms  of  cc.  or  SOi  at  0/760. 
/  =  Volume  equivalent  of  1  cc.  of  the  iodine  solution  in  terms  of  cc.  of 
SO,  at  0/760. 
Jlf  =  Volume  in  cc.  of  the  space  for  gas  in  the  aspirator  bottle  in  which 

the  sample  of  atmosphere  is  taken. 
B  =  Barometer  reading  in  mm.  of  mercury. 
B'  =  760. 

K  =  Vacuum  in  mm.  of  mercury, 
r— Temperature,  Centigrade. 
r  =  273. 

Examination  of  the  equation  shows  that  barometric  pressure  is  without 
influence  in  the  calculation.    The  simplified  equation  is 

FMvr     ■      „.     r     273    „--  ,.    o.aaFJifv    , 
WlrTf)  ='■   ^""^''F  =  760  =«-3^'  '•"="   r^T   ='• 

When  the  gas  capacity  of  the  aspirator  bottle  is,  for  example,  21000  cc, 
7560fF  =  /(r  +  r). 

When  the  fraction  desired  to  be  represented  by  1  cc.  of  the  iodine  solu- 
tion is  the  equivalent  in  volume  of  SOi  to  2  parts  per  million,  then  O.OOO002 
C7560Fn  I(T'^T),  then0.01512F  =  /(r4-7'). 

By  substituting  380  for  V  and  the  average  temperature  in  degrees  Cent, 
for  T  in  this  equation,  the  strength  of  iodine  solution  suitable  to  the  size  of 
aspirator  bottle  and  fraction  may  be  found. 

When  the  fraction  desired  is  2  parts  per  million  and  the  aspirator  has  a 
volume  of  20  to  28  liters,  it  is  convenient  to  use  the  N/500  solution. 

When  NVoOOiodinesolution  is  used,  O.01512r=0.O224r-i-O.O2247'  =  6.1152 
+0.02247",  then  l'-405-1.487'. 

Becau.se  of  the  tediousness  of  the  operation  and  possible  injury  by  a  col- 
lapsed bottle  it  is  not  good  practice  to  evacuate  above  500  mm. 

To  establish  uniform  reducing  conditions  internally,  the  bottles  should  be 
prepared  for  analytical  work  by  washing  their  inner  surfaces  and  the  plugs 
with  sulphuric  acid-bichromate  of  potassium  solution  (300  cc.  of  O.V.  plus  a 
few  grams  of  KiCriOr)  and  then  with  distilled  water  until  free  of  the  uxidiiing 
fluid.  Both  tubulures  are  now  closed  to  the  atmosphere  by  their  correspocding 
plugs.  300  to  400  cc.  of  starch  solution  are  poured  into  the  mixing  bottle 
(which  must  be  kept  closed  and  free  of  dust),  and  given  a  light  lavender  tint 
by  the  addition  of  1  to  2  cc.  of  N/500  iodine  solution.  (Notei  The  quality 
of  the  starch  solution  is  a  matter  supreme  importance  in  the  operation  of  this 
method.  Made  in  the  following  manner,  it  retains  its  sensitiveness  through- 
out a  working  day:  1  gram  of  soluble  starch  is  made  into  a  paste  by  triturating 
with  a  few  cc.  of  cold  water  and  this  paste  is  added  to  1  liter  of  cold  distilled 
water  which  contains  2  grams  of  potojwium  iodide.  The  liquid  is  brought  just 
to  boiling  and  then  quickly  cooled  by  setting  the  beaker  into  cold  water. 
It  is  the  practice  to  make  up  a  fresh  batch  each  day.)  The  starch  solution  is 
divided  equally  between  the  two  titration  bottles  and  from  each  transferred 
to  the  corresponding  aspirator.  The  transfer  is  made  by  pulling  out  the  glass 
rod  or  stopcock  tube  from  the  hold  (6),  inserting  (e),  closing  (/)  tightly  with  the 
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forefinger  or  with  a  ^asa  plug,  invertiDg  the  titration  bottle  by  turning  (e) 
around  in  the  hole  (b)  and  at  the  same  time  tilting  back  somewhat  the  aspirator. 
The  appropriate  glass  rod  and  tube  plugs  are  then  replaced  and  both  aspirators 
shaken  for  an  equal  length  of  time  (2  minutes)  under  the  same  conditions 
respecting  light  and  so  that  every  portion  of  each  bottle  receives  an  equal 
amount  of  wetting.  Each  solution  is  now  transferred  to  its  titration  bottle  by 
tilting  back  the  aspirator,  pulling  the  plug  in  the  hole  {d),  inserting  (e)  and  with 
(J)  open  tilting  forward  the  aspirator  until  all  of  the  starch  solution  has  run  into 
the  titration  bottle.  The  hole  (6)  ia  then  closed  with  its  corresponding  glass 
plug.  If,  on  comparing  the  solutions  against  a  white  background,  both  are 
<A  the  same  tint,  the  aspirators  are  considered  ready  for  use  in  the  field.  If  the 
colors  are  not  the  same,  the  test  solutions  are  mixed  (more  iodine  added  if  the 
bleaching  has  been  great),  halved  and  transferred  to  the  aspirators  in  the  same 
manner  as  before.  The  aspirators  are  shaken  and  the  solutions  again  com- 
pared. The  operation  should  be  repeated  until  the  iodine  consumption  factor 
is  the  same  for  both  bottles. 


lo.  137.    Apparatus  for  Testing  SO, 


Immediately  before  making  a  determination,  a  300  to  400  cc.  portion  of 
Btareh  solution  in  the  mixing  bottle  is  colored  with  iodine  to  a  shade  which 
experience  indicates  is  suitable  to  the  character  of  atmosphere  to  be  analyzed 
and  distributed  in  equal  amounts  to  the  aspirators  in  the  same  way  as  in  the 
preliminary  procedure.  From  this  point  to  the  operation  of  titration  care  is 
taken  that  both  aspirators  have  the  same  exposure  to  sunlight. 
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.  The  sample  aspirator  is  now  oonneoted  to  the  VMjuum  pump  and  gauge  in 
the  manner  illustrated  and  evacuated  to  the  extent  detemuDed  by  the  condi- 
tions of  strength  of  iodine  solution,  volume  of  aspirator  bottle  and  tempera- 
ture. R«fer  to  formula  on  page  1284.  For  instance:  Assuming  that  gas  capa- 
city of  sample  bottle  is  19600  cc,  the  temperature  to  be  20°  C.  and  that  N/500 
is  the  strength  of  the  iodine  solution,  when  the  evacuation  is  carried  dose  to 
465  mm.,  each  0.05  co.  of  the  iodine  Molution  required  to  bring  the  portion  of 
starch  iodide  solution  from  the  sample  bottle  to  the  same  shade  as  that  from 
the  check  bottle  represents  one  tenth  part  per  million  of  SOi  by  volume. 

The  sample  is  taken  by  letting  the  air  in  through  the  stopcock  (r)  while 
shaking  the  bottle  so  that  iU  entire  inner  surface  is  kept  wet  with  the  starcb 
iodide  solution.  When  the  internal  pres-sure  become.1  that  of  the  atmosphere 
the  stopcock  is  closed  and  the  bottle  is  shaken  vigorously  60  to  80  times.  The 
check  bottle  is  shaken  in  the  same  manner,  the  same  length  of  time  and  under 
the  same  condition  of  light. 

The  starch  iodide  solutions  are  returned  to  their  corresponding  titration 
bottles  in  the  same  manner  as  in  the  preliminary  procedure,  their  colors  com- 
pared and  sufficient  N/500  iodine  solution  added  from  the  burette  through 
the  hole  (/)  to  the  solution  from  the  sample  bottle  to  make  its  shade  that  of  the 
check. 

Whenever  it  is  evident  that  the  color  of  the  solution  in  the  sample  bottle 
is  completely  discharged,  N/500  iodine  is  added  through  the  hole  (b)  until  the 
tint  is  near  that  of  the  check  and  the  bottles  again  shaken  for  a  minute.  Sev- 
eral additions  of  iodine  in  this  way  may  be  required  when  the  operator  has 
misjudged  the  character  of  atmosphere.  The  solutions  are  finally  compared  is 
the  titration  bottles,  the  color  intensity  of  the  sample  solution  made  that  of  the 
check  and  the  SOi  content  of  the  sample  calculated  from  the  net  amount  of 
iodine  added. 

The  operator  may  allow  for  a  relatively  high  concentration  of  SO-  in  tbe 
sample  by  adding  a  noted  quantity  of  iodine  to  the  sample  solution  before  its 
transfer  to  the  a-spirator  bottle.  In  case  the  bleaching  effect  of  the  sample  has 
not  been  sufRcient  to  make  the  shade  as  light  as  that  of  the  check  solution, 
the  SO]  content  can  be  calculated  from  the  difference  between  the  noted 
quantity  of  iodine  added  and  that  required  to  make  the  color  of  the  check  that 
of  the  sample  solution. 

It  is  apparent  that  each  determination  prepares  the  aspirator  for  the  next 
provided  that  not  a  very  long  interval  of  time  elapses  between  determinations. 
When  a  half  hour  or  more  has  elapsed  a  trial  should  be  mode  as  in  the  pre- 
liminary procedure  to  determine  whether  the  iodine  consumption  factor 
remains  the  same  for  both  bottles. 

The  starch  iodide  solution  can  be  used  repeatedly  but  must  be  discarded  si 
soon  as  it  becomes  in  the  least  dirty. 


Beam  test  for  suspended  matter  in  gas.     See  page  1502. 
Determination  of  suspended  matter  in  gas.     See  page  15( 
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EXAMINATION  OF  BITUMINOUS  SUBSTANCES, 
INCLUDING  ASPHALTS,  TARS  AND  PITCHES 

Herbert  Abrahau,  B.S.  of  Chemistry, 
The  Riiberold  Co.,  N.  Y. 

CLASSIFICATION  OF  BITUMINOUS  SUBSTANCES 

Table  I  contains  a  list  of  the  principal  commercial  bituminous  substances 
with  a  brief  description  of  their  origin  or  mode  of  production. 

Although  the  methods  included  in  this  chapter  are  intended  primarily  for 
t&unining  native  asphalts,  aspbaltltes,  tars,  pyrogenous  asphalts  and  pitches, 
■n&oy  of  them  may  likewise  be  used  for  testing  aophaltic  pyrobitumens,  native 
•nd  pyrogenous  waxes.  Methods  for  examining  petroleums  are  given  in 
ehipter  on  fixed  oils,  fats  and  waxes,  and  for  testing  non-asphaltic  pyro- 
bttumens  (e.g.,  coal)  in  chapter  on  analysis  of  coal. 

CHEMICAL  COMPOSITION   OF  BITUMINOUS  SUBSTANCES 

Bituminous  substances  are  complex  mixtures  of  saturated  and  unsaturated 
bydrocarboDB,  often  associated  with  oxygenated,  sulphurated  and  nitro- 
iwius  derivatives,  and  frequently  admixed  with  mineral  constituents  in  vary- 
■i>g  amounts. 

The  non-mineral  constituents  are  accordingly  composed  of  the  elements 
(uboD  and  hydrogen,  with  more  or  less  oxygen,  sulphur  and  nitrogen.  It  is  a 
comparatively  simple  matter  to  ascertain  by  analytical  methods  the  percentage 
'>y  weight  of  the  elements  present.  This  is  termed  its  itUimale  analysis,  in 
Watra-distinction  to  the  molecular  composition. 

The  mineral  constituents  may  be  present  in  one  or  more  of  the  following 
'rpical  forms: 

1.  As  consolidated  mineral  particles  consisting  of  a  porous  rock  impregnated 
■ith  the  bituminous  constituents.     Tliis  type  is  exemplified  by  the  so-called 

TQck  asphalts,"  which  are  usually  composed  of  a  fine-gruined  limestone  or* 
UQdatone  matrix,  carrying  the  a-sphalt  in  its  voids. 

2.  As  unconsolidated  mineral  particles  admixed  mechanically  with  the 
bituminous  constituents.  This  is  typified  by  the  numerous  deposits  of  impure 
Utive  asphalts  and  aaphaltites,  in  which  the  bituminous  constituents  are 
usodated  with  more  or  less  detritus  derived  from  the  surrounding  soil;  also 
blut-fumace  tar  and  pitch  which  carry  a  proportion  of  mineral  du.it  carried 
over  mechanically  by  the  furnace  gases. 

3.  As  colloidal  mineral  particles  held  in  suspension  by  the  bitumiijous 
constituents.  Trinidad  Lake  asphalt  is  typical  of  this  group,  and  is  charac- 
teriud  by  the  presence  of  colloidal  clay  and  silica. 

4.  As  mineral  matter  held  in  chemical  combination  by  the  non-mineral 
(i.e.,  pgre  bituminous)  constituents.  This  group  differs  from  the  foregoing, 
inaamuch  as  it  relates  to  a  chemical  union  of  the  mineral  and  non-mineral 
^mponents.  Many  native  asphalts  carry  small  percentages  of  iron  and 
sluminuni,  but  it  is  as  yet  a  mooted  question  whether  the.ie  are  present  as 
Willoidal  particles,  or  united  chemically  with  the  bituminous  matter.  Most 
"^diial  and  blown  petroleum  asphalts  contain  a  trace  of  iron,  derived  from  the 
•tills  in  which  they  are  refined. 


1290     EXAMINATION  OF  BITUMINOUS  SUBSTANCES 
TABLE  I.— BITUMINOUS  SUBSTANCES 


Mixed-base  petroleun 
Asphaltic  petroleum 


.  Contaios  an  appieciable  qtuotitf 

of   ctyBtallizable  paraffine  tad 

no  asphalt. 
CoDtains  ciystalliiable  panffinr, 

also  BsphaJt. 
Contains  on  appreciable  quantily 

ot  asphalt  ana  no  ciystalliiable 


'  Ozokerite. . 


Pure  or  fairly  pure. . 


M  .■     =,^k.ii.,'  Associated  with  min- 

N.t.veupl»ll».     e^  ,„,„,,  (..Hock 

■     Asphalt") 


A  paraf&naceous  mineral,  csllriJ 

peraaine  when  refilled. 
The  wax  extracted  from  lignile  or 

pyropissite   by    means   of  sot- 


Comparatively  free  from  asso- 
ciated mineral  matter  (less  than 
10  per  cent  on  the  dry  weigbl). 


Extremely  pure 
Pure  to  mmler- 

ately  pure 
Pure    to    quite 


Have  a  higher 
fusing  poini 
than   B^ihalM 


Elaterite . . . 
Wurtulite . . 


J  Albertite . . 
\  Impsonite . . 


Rubbery  —  partly 
sapomfiable 

Depol^merites  on 
heatmg,  becom- 
ing fusible  and 
Boluble 

Depolymerizee  par- 
tially on  heating 

Does  not  depolym- 
erise  on  beatify 


Qenerally 
pure.  In- 
fusible and 
insoluble. 


I  Peat .  . . 


Anthracite  coal.. . . 
Lixnitic  and  roal 


Pure  or  fairlv  pure.  Infunbl? 
and  insoluble.  Contain  more 
or  less  oxygenated  bodiM. 
Derived  from  vegetable 
erowtfas.  Gradual  transition 
from  peat  to  lignite  to  roal. 

Mineral  mattera  predominBl'i 
otherwise  toe  same  as  the  fine- 
going. 
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o™. 

R[«l« 

MuDber 

RoArU 

Pyrogenoufl 

WaxtailiDgs 

Distillate    from    petroleum    ob- 
tained   immediately    prior    to 
coking. 

Petroleum  parafHnc . . 
Peat  puraffino 

Solid    paraffine    obt^ained    from 

non-asphalUc  petroleum. 
Solid     parafBne    obtained    from 

peat  tar. 
Solid    paraffine    obtained    from 

lignite  tar. 
Solid    paraffine    obtained    from 

shale  tar. 

Lignite  paraffine 

Shale  paraffine 

Tare 

OiliraH  tar 

Produced  by  cracking  petroleum 

vapors  in  manufacturing  oil  gas. 

Produced  bv  cracking  petroleum 

buretted  water  gas. 

Waler-gsH  tar 

■^s 

Hardwood  tar 

tillation  of  the  wood  and  roots 
of  coniferae. 
Produced  bv  the  destructive  dis- 
tillation ot  hardwoods. 

Ugnitc  (brown  coal) 

filiation  of  peat. 

tillation  of  lignite    brown  eoal 
Produced  by  the  destructive  dis- 
tillation    of      pyrobituminous 
shales. 
Produced  from  ga»-house  retorts 
in     manufacturing    gas    from 

Produced  from  by-product  coke- 
oven    in    manufacturing    coke 

Produced     from     blaRt-furnaces 
upon     smelting     metals     wilh 

manufacturing    producer    gas 
from  coal. 
Produced  by  the  destructive  dis- 
tillation of  bones. 

GaB-worka  coal-tar. . . 
Coke-oven  uoal-tar, . . 
Blast-furnace  coal-tar 
Producer-gas  coal-tar 

■^r- 

'l;xr 

lUaidual  oils 

Blown  petroleum 

Produced  by  the  dry  distillation 
of  non-asphaltic  petroleum,  the 
drjr    or    st^am    distillation    of 
mixed-base   petroleum,  or   the 
steam  distillation  of  aephaltic 

Produced  by  blowing  air  through 
heated  residual  oils. 

Produced  by  the  steam  distil- 
lation of  mixed-base  and  osphal- 
tic  petroleums. 

Residual  aaphaltB.... 
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Ouu. 

ettcM 

Membu 

RcDum 

^'^sr 

Sludge  asphalu 

WurtEilite  asphalt. - 

Produced   from   the  add   sludge 
obtained  in  the  purification  of 
petroleum   diatillates  with  nil- 
phuric  acid. 

wurtzilite  in  closed  retotU. 

Pyrogenmw 
resKluea 

Oil-Kas-tar  pitch 

Wftter-gas-tarpit^-h.. 

Wood-tM  pitch 

Peftt-tar  pitch 

Lignite-tar  pitch 

Shale-tar  pitch 

Gas-works   cod-tai- 

tial  evaporation  or  dirtillation 
of  the  corresponding  tars. 

Coke-oven  coal-tar 

Pitch« 

BlftBt-furnace  coal-tar 

Producer-gaa  coal-tar 

Bone-tar  pitch 

dietillation  of  the  resinous  a»p 
of  coniferae. 

distillation  of  fatty-acids. 

Fatty-acid  pitch 

Fatty-acid  pitch,  wood-tar  pitch,  bone-tar  pitch  and  rosin  pitch  carry  a 
Hubstantial  amount  of  iron  or  copper  depending  upon  whether  they  have  been 
produced  in  an  iron  or  copper  atUI.  Sludge  aspbalta  bear  a  trace  of  combined 
lead  derived  from  the  lead  containers  in  which  they  have  been  treated. 

Native  asphalts  often  contain  non-mineral  impurities  in  the  form  of  decayed 
vegetable  substances  of  peat-like  nature,  which  were  originally  present  in  the 
soil,  now  associated  with  the  asphalt.  These  substances  are  derivatives  of 
humic,  or  ulmic,  crenic,  etc.,  acids. 

Certain  tars  and  pitchei^  as  well  aa  residual  asphalts  which  have  been  over- 
heated in  their  process  of  manufacture,  will  carry  variable  amounts  of  s(>-called 
"free  carbon."  This  in  reality  consists  of  hydrocarbon  derivatives,  polymer- 
ized under  the  influence  of  heat  to  an  insoluble  modification,  similar  in  certain 
respects  to  bituminous  coal.  It  is  probable  that  the  "free  carbon"  may  under 
certain  conditions  consist  in  part  of  amorphous  carbon,  similar  to  lampblack. 

Every  member  of  the  bituminous  family  Ls  a  homogeneous  or  heterogeneous 
mixture,  consisting  of  a  multitude  of  chemical  substances,  each  ha^'iDg  s 
definite  molecular  composition.  These  constituent  substances  may  be  asso- 
ciated as  a  simple  solution  of  liquids  in  liquids  or  solid!)  in  liquids;  or  in  the 
form  of  a  colloidal  solution;  or  as  a  solid  solution  of  amorphous  or  crystalline 
solids;  or  as  an  emulsion  of  immiscible  liquids;  or  as  a  suspension  of  insoluble 
substances  in  a  more  or  less  liquid  matrix;  or  combinations  of  two  or  more  o( 
the  foregoing  phases. 
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At  the  present  time  but  a  comparatively  small  number  of  distinct  chemical 
Bubstancea  have  been  identified  in  bituminous  compIexeH.  A  vast  amount  of 
reaearch  work  must  yet  be  accomplished.  Although  hundreds  of  non-mineral 
Bubstancea  of  definite  molecular  composition  have  been  identified  in  petroleums, 

Q&tive  mineral  waxes,  pyrogenous  waxes  and  certain  tars,  comparatively  little 
is  known  regarding  the  innumerable  non-mineral  molecular  substances  present 
in  Dative  asphalts,  asphaltites,  asphaltic  pyrobitumens,  non-asphaltic  pyro- 
tntumens,  pyrogenous  asphalts  and  pitcbeH. 

The  chemistry  of  bituminous  substances  is  further  complicated  by  the  fact 
thatoommercialspeciraensot  any  given  material  are  rarely  alike  in  composition. 
In  some,  certain  chemical  bodies  predominate;  in  others,  they  may  be  present 
>D  smaller  amounts;  while  in  still  others  they  may  be  absent.  Thus  two  ship- 
ments of  any  given  member  of  the  bituminous  family  are  apt  to  fluctuate 
wdely  in  composition  and  physical  properties,  even  when  emanating  from  the 
same  source.  Again,  a  native  bituminous  substance  derived  from  a  single 
flfiposit  will  often  vary,  depending  upon  the  degree  of  exposure  and  extent  of 
metamorphosis.  Native  bituminous  substances  are  in  a  constant  state  of 
transition,  as  the  result  of  their  age  and  environment.  Pynigenous  bituminous 
substances  show  a  marked  variation  in  composition  and  physical  properties, 
(depending  upon  the  raw  materials  used  in  their  production  and  the  exact  con- 
ations to  which  they  have  been  subjected  in  their  processes  of  manufacture, 
including  the  temperature,  length  of  treatment,  etc. 

Bituminous  substances  should  not  therefore  be  compared  to  vegetable  or 
tnitnal  fats  or  oils,  which  in  the  case  of  any  given  material  will  run  fairly  uni- 
lorni  in  composition  and  physical  properties. 

In  certain  instances,  comparatively  simple  tests  have  been  devised  for 
identifying  single  chemical  bodies  present,  wiiereas  in  other  cases  the  ultimate 
malysis  of  the  material  will  furnish  a  clue  to  the  identity  of  the  substance 
under  examination. 
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PART  I 

EXAMrNATlON  OF  CRUDE,  REFINED  AND  BLENDED 
BITUMINOUS  SUBSTANCES 

The  methods  ordinarily  used  for  examining  bituminous  substances  and 
their  mixtures  may  be  grouped  under  four  headings,  viz.: 
(1)  Physical  characteristics.  (2)  Heat  te^ts. 

(3)  Solubility  tests.  (4)  Chemical  methods  of  examination. 

In  general,  these  tests  may  have  one  or  more  of  the  following  objects  in 

(a)  To  serve  as  a  means  of  identification. 

(if)  To  ascertain  the  value  of  the  substance  for  a  given  purpose. 

(c)  To  gauge  its  uniformity  of  supply. 

(d)  As  an  aid  to  factory  control  in  its  preparation,  refining  or  blending. 
(r)  As  a  criterion  of  its  quality. 

The  most  important  methods  of  testing  are  given  in  Table  II, 


r   , ,            '""u^sr 

Adapilbllltr 

"SF:  i 

A..C-* 

I'kyaiad  ChaToetenttics:                      \ 

Yea 

YES 
YES 
YES 
YES 

i       i 

Streak  on  Porreiuin ,     YES 

Yea'     !      Yea' 
Yea      1      Yea 
YES     1     YES 
YES         YES 
Yea            Yea 

Viscosity !      .... 

Ductility 

Ileal  TtsU: 
Fuaing-point '     YES 

YES 
YES 
YES 

YES 

YES         YES 

Distillation  Irst  (for  tars) '      Yes 

Ym      ,      Yes      j     YES 

SolubilKv  in  .-arbon  disulphi.le, , ,      YES 

Carbcnes Yes 

Solubility  in  88°  petroleum 
naphtha YES 

YES 

YC3 

YES     '      ....     '     YES 
Yea      '      Ym          yes 

Yea           Ym      |     .... 

Ckemicai  Tfula: 

Water Yea 

Carbon YES 

Hydrogen '     YES 

Hulpbur 1     YES 

Nitrogen                                         i     YES 

Ym 

Ym      1 

Ym      1 

YES 

Oxygen ,     YES 

Free  carbon  in  tars YES 

.Solid  paraffines                                  '     YES 

Diajio  rcarlion                                         YES 

1 

AnihRiquinonereartion YES 

'(a)  Purity;   (6)  Care  exerrised  in  its  prcparnlion;   (c)  Intrinsic  .value. 
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PHYSICAL  CHARACTERISTICS 
Fracture 

This  is  ascertained  upon  cleaving  the  specimen  by  subjecting  it  to  a  sharp 
blow,  and  examiaing  the  cleavage  surface.  Only  hard  and  "brittle"  bitum- 
ioous  substances  will  yield  to  this  test,  including  the  hard  asphalts  and  asphal- 
tites.  The  fracture  may  either  appear  conchoidal  (rounded  and  curved  like  a 
shell),  or  hackly  (jagged,  irregularly  and  rough). 
Streak  on  Porcelain 

This  represents  the  color  of  the  powder  which  Is  left  behind  on  drawing  a 
piece  of  the  solid  bituminous  material  across  the  surface  of  unglazed  porcelain. 
H»rd  bituminous  materials  only  will  yield  to  this  test.  The  streak  may  be 
classified  as  white  (where  no  streak  is  visible),  yellowish,  yellowish  brown, 
brawn,  brownish  black  and  black. 

Specific  Giarity 

Hydrometer  Method  for  Fluid  Uateriala.  Where  speed  ia  essential  and  great 
■cciiracy  not  required,  the  speciGc  gravity  of  fluid  bituminous  oiatcrials  may  be  deter- 
mined with  a  hydrometer  having  its  scaJo  sub-divided  to  unity  in  the  third  place  of 
decimals.  (See  also  p.  1114.)  Usually  a  series  of  hydrometers  ore  used,  ranging  respec- 
tively tram  0.800  to  0.900,  0.900  to  1.000,  1.000  to  1.080,  1.070  to  1.150,  1.150  to  1.230. 

Most  hydrometers  are  adapted  to  read  at  60°  F./60°  F.,  or  ia  other  words,  the 
iostruments  are  calibrated  for  water  at  60°  F.  taken  as  unity.  The  standard  tempera- 
ture for  testing  bituminous  materials  is  77°  F.,  and  they  should  accordingly  be  brought 


ture  for  testing  bitummous  materials  is  77°  if.,  and  they  should  accordingly  be  brough 
ta  this  temperature  when  tested  with  the  hydrometer.  For  correcting  the  reading  ti 
water  at  77°  F.,  it  should  be  multiplied  by  1.002,  as  follows: 

Sp,Br.  at  77°  F./77°  F.  -Sp.gr.  at  77°  F./W  F.  Xl.002. 

Id  running  the  test,  the  bituminous  material  is  brought  to  77°  F.,  immediately 
poured  into  the  hydrometer  jar,  and  then  the  hydrometer  slowly  allowed  to  sink  into 
It  until  it  comes  to  a  definite  resting-point,  whereupon  it  is  raised  slightly,  and  allowed 
todnk  a  second  time.  The  reading  is  then  noted.  The  hydrometer  must  not  be  pushed 
below  the  point  at  which  it  comes  to  rest  imtil  after  the  second  reading  has  been  taken, 
whereupon  it  should  be  pushed  a  shght  distance  below  the  end  point  to  observe  whether 
or  not  it  will  rise.  If  it  fails  to  do  so,  it  is  evident  that  the  bituminous  material  is  too 
visroua  to  be  tested  by  the  hydrometer  method,  and  some  other  method  should  be 
rmploycd.  Care  should  be  t^en  that  the  hydrometer  does  not  touch  the  sides  or 
bottom  of  the  cylinder  when  the  reading  is  taken,  also  that  the  surface  of  the  Uquid  is 
tree  from  froth  or  bubbles." 

West^ul  Balance  Method.  This  is  also  adapted  to  testing  fluid  bituminous 
materials.  The  instrument  as  supplied  by  the  manufacturer  (see  p.  1111)  is  provided 
with  a  cylinder  of  about  50  cc.  capacity,  calibrated  for  use  at  60°/60°  F.  The  t«tt  gener- 
ally made  at  77°  F.,  is  subject  to  the  same  eorrection  as  in  the  hydrometer  method. 

The  Westphal  balance  may  be  adapted  for  as  little  as  8  cc.  of  the  bituminous  ma- 
terial, by  using  a  special  plummet,  small  enough  to  fit  into  a  10  cc.  cylinder.  The 
jrfummet  may  oe  made  from  a  piece  of  glass  tubing  7  mm.  outside  diameter,  which  is 
«ealed  at  one  end  with  a  short  platinum  wire  fused  into  the  glass.  Nine  to  ten  grams  of 
mercury  are  placed  in  the  tube  forming  a  column  35--10  mm.  high.  The  tube  is  then 
cut  off  within  20  mm.  of  the  top  of  the  mercury  column,  and  the  open  end  sealed  with 
a  blow-pipe.  This  plummet  should  measure  55-60  mm.  over  all,  and  weigh  from  10  to 
12  g.  If  a  represents  the  weight  of  the  plummet  in  air,  b  its  weight  in  water  at  a  definite 
toDperature,  and  e  its  weight  in  the  bituminous  material  at  the  same  temperature, 
theo  the  specific  gravity  of  the  bituminous  material  at  this  temperature  =  i  _    ■' 

'  Bulletin  No.  314,  n.  S.  Dept.  of  Agr.,  Wash.,  D.  C,  Dec.  10,  1915;  "Laboratory 
joual  of  Bituminous  Materials,"  '     "  ' 
Gravity — its  Determination  for  t 
Chem..  7,  21,  1915. 

•"Standard  Methods  tor  Sampling  and  Analysis  of  Creosote  Oil"  (Serial  Desig- 
nsti<Hi;  D  38-^8)  of  the  Am.  Soc.  Testing  Malcnals,  Standards  Adopted  in  1918,  731. 
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^cnomMer  or  SpodflcTGraTity  Bottla  Method.  Sever^  forma  of  gbss  bottles  an 
used  for  this  purpose,  having  a  Rround-RlBsa  stopper  with  a  small  vertical  hole  IxHnl 
through,  to  enab^  it  to  be  completely  &Ued'with  the  bituminous  malerial.  Hiese  an 
made  in  various  sizes. 

Ao  imjiroviBed  form  which  may  be  used  to  ^ood  advantage  when  a  email  quantity 
of  liquid  bituroinous  material  ia  avail^le,  consists  of  a  1  cc.  pipetl£,  and  a  ^ase  tube 
sealed  at  one  end,  the  inside  diameter  of  which  is  slightly  larger  than  the  outside  diam- 
eter of  the  lower  stem  of  the  pipette.  On  using  this  instrument,  the  hquid  is  first 
brought  to  a  definite  temperature,  then  sucked  to  the  upper  mark  of  the  pipette  by 
means  of  a  piece  of  rubber  tubins  temporarily  attached  to  its  upper  st«m.  The  outside 
is  caref>Lily  wiped  dry  and  the  lower  stem  mserted  in  the  gl^  tube  which  serves  to 
retain  any  liquid  which  may  drain  from  the  pipette.  A  small  piece  of  wire  twisted 
about  the  pipette  near  the  top  is  formed  into  a  ring  to  hand  it  from  the  houk  above  k 
balani-e  pan.     The  pipette  is  thus  supported  in  a  vertical  position  and  weighed.' 

If  a  represents  the  weight  of  the  pipette  with  glass  tube  emptv,  b  its  weight  filled 
with  water  at  a  definit«  temperature,  and  c  its  weight  filled  with  theI)ituminoua  material 
at  the  same  temperature,  then  the  specific  gravity  may  be  calculated  from  the  following 
formula: 

(.c-a)-^(b-a). 

It  is  customary  to  determine  the  specific  gravity  of  bituminous  materials  at  TT^fTJ'' 
¥.,  although  in  the  case  of  creosote  oil  it  is  often  expressed  at  100° /60°  F.  ForniDvert- 
ing  the  specific  gravity  of  a  substance  found  at  a  higher  temperature  to  the  alandanl 
temperature  (lower),  the  following  formula  should  be  used : 

Sp.gr.  Substance  at /i/(i  =  Sp.gr.  Substance  at  i,/ii+t(/j-/i), 
in  which  ()  =  the  temperature  at  which  the  specific  gravity  of  the  substance  was  deter- 

(i  =  the  temperature  (lower)  at  which  the  specific  gravity  of  the  substance  is  to  be 
calculated,  and 

A;  —  the  ooefficient  of  expansion,  which  is  constant  for  the  particular  substance. 
If  perchance  the  specific  gravity  of  the  substance  has  been  compared  with  that 
of  water  at  a  higher  temperature,  then  to  convert  it  to  a  lower  temperature  compared 
with  water  at  the  same  temperature,  the  following  formula  should  be  used: ' 
Sp.gr.  Rubstanceflt(,/(i=Sp.gr.  Substance  at /,/(,xSp.gr.  Water  at /./'i+tCi-'i'. 
In  both  of  the  above  formulae,  the  following  values  may  be  taken  appro^dmately 
for  k,  representing  the  coefficient  of  expansion  per  '  F. 

Creosote  oil  from  coal  tar 0.00044 

Residual  oil 0.00040 

Coal  tar 0.00038 

Coke-oven  tat 0.00033 

Semi-solid  asphalt 0.00030 

Semi-solid  coal-tar  pitch 0.00030 

The  pycnometer  method  may  also  be  used  for  finding  the  specific  gravity  of  hard 
and  brittle  bituminous  substances,  including  hard  asphalts  of  hi^  fusing-point,  asphal- 
tites,  asphaltic  pyrobitum^ns,  non-asphaltic  pyrobituroens  and  pyrobituminous  shales. 
Approximately  3.5  grams  of  the  material  ground  to  60-meah  are  carefully  weighed  and 
introduced  into  a  50-cc.  pycnometer,  with  about  30  cc.  of  distilled  water.  '  A  vertical 
condensing  bulb  is  attached  to  the  pycnometer  with  a  small  section  of  rubber  lubing, 
the  open  end  being  connected  with  an  aspirator  to  maintain  a  partial  vacuum.  TV 
pycnometer  ia  then  boiled  on  a  water  bath  to  expel  alt  the  air  from  the  sample.  The 
inside  of  the  condensing  tube  is  then  washed  hack  into  the  pycnometer,  which  ia  fool»d 
to  the  desired  temperature,  stoppered,  filled  to  the  mark  with  water  at  the  same  tem- 
perature and  weighed.  The  specific  gravity  may  then  be  calculated  from  the  following 
formula: 

(c-a)-=-[(fe-a)-(d-c}|. 
Where  a  represents  the  weight  of  the  pycnometer  empty.  6  its  weight  filled  with  water, 
e  its  weight  containing  the  bituminous  substance,  ana  d  its  weight  containing  the 
bituminous  substance  also  filled  to  the  mark  with  water. 

In  the  case  of  fusible  semi-solid  or  solid  bituminous  materials,  the  dry  pycnoioet« 
is  filled  half  full  with  the  melted  substance,  cooled  to  77°  F.,  then  weighed,  "then  filled 
with  water  at  77°  F.  to  the  mark  and  reweighed.  The  specinc  gravity  is  c^culated  by 
means  of  the  foregoing  formula. 

'  "Specific  Gravity— Its  Determination  for  Tare,  Oils  and  Pitches,"  by  J.  M.  Woes, 
lo;-.  cit. 

'  For  the  specific  gravity  of  water  at  varving  temperatures,  see  Bureau  of  Standaids, 
Circular  No.  19,  p.  43,  Mar.  30,  1916. 
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Viscosity 
Boiler  Hatiiod.    The  method  as  described  on  p.  1 1 14  u  adapted  for  examining  liquid 

Id  Bemi-liquid  bituminous  substancea,  which  are  generally  tested  at  77°  F.  (25°  C.). 
172°  F.  (50°  C),  or  212°  F.  (100°  C)  depending  upon  their  conaiBtency. 

FlMt  Test.     This  instrument  is  used  largely  for  testing  the  viscosity  o 

of  semi-solid  bituminous  materia.  The  range  of  the  float  test  is  limited,  and  it  ci 
be  used' with  very  fluid  bituminous  materials  or  with  hard  solids.  It  accordingly  fills 
the  ^p  between  the  Engler  viscoairoeter  on  one  hand,  and  the  needle  penetn>met«r  and 
conastometer  on  the  other.  The  teat  is  not  affected  by  the  presence  of  finely-divided 
nUDeral  matter  or  free  carbon. 

The  instrument  is  illustrated  in  Fig.  13S.    It  consiats  of  two  parte,  viz.:  an  alum- 
>      iniuiii  saucer-ahaped  float  and  a  conical  brass  collar  wcigiiing  together  exactly  50  g. 


Fig.  138.— Float  Tester. 

^  bnas  collar  ia  filled  with  melted  biluminouB  material  upon  pisciiw  it  tt^nat  a  brass 
^Ue,  the  surface  of  which  has  been  amalgamated  by  treatment  with  a  dilute  solution 

"(  oiercuric  chloride  and  then  with  mn^uiy.  After  cooling,  it  is  levelled,  placed  in 
■iter  at  41°  F.  for  15-30  minutes  along  with  the  aluminium  float,  then  screwed  into  the 
uMt  and  immediately  floated  with  the  brass  collar  downward  on  the  surface  of  water 
*ani>«d  to  the  desired  temperature.  N'o  standi  temperature  hss  been  adopted  for 
^■tUng  this  teat,  although  00°  F.  is  recommended  as  most  satisfactory  in  testmg  road 
"irfew,  for  which  the  instrument  is  intended.  Verv  Boft  materials  are  tested  at  32°  F., 
«d  harder  bituminous  substances  at  122°  F.  or  150°  F. 

As  the  beat  is  transmitted  through  the  brass  collar  into  the  plug  of  bituminous 
iJMerial,  the  latter  softens  until  it  is  forced  upward  and  out  of  the  collar  by  the  weight 
«<  tbc  instrument.  The  time  elapsing  between  the  placing  of  the  float  on  the  surface 
(^  the  water,  and  when  the  water  breaks  through  tlie  plug  is  taken  as  a  measure  of  the 
^XKonty  of  the  material  under  examination.' 

'"Controlling  the  Consistency  of  Bituminous  Binders,"  by  C.  N.  Forrest,  Eng.  Rec., 
«,  584,  1909;  J.  Ind.  Eng.  Chem..  1,  378,  1909;  "Standard  Methods  for  Sampling 
«M  Analysis  of  Creosote  (Jil"  (Senal  Designation;  D  38-18)  A.  S.  T.  M.  Standards, 
A*ipi«|  a  1918,  732. 
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Hardness  or  Consisteiicy 

Needle  Peoetioiueter.  Thia  was  originally  devised  by  H.  C.  Bowen  in  1S88.' 
This  first  crude  inBtrument  was  further  improved  by  A.  W.  Dow.'  The  Dow  pene- 
trometer as  simplified  in  construction  by  Richantson  and  Forrest  representa  the  type 
in  use  to-day,'  both  forms  operating  on  the  same  principle  and  giving  the  same  readings. 

The  Richardson-Forrest  improved  penetrometer  is  il]us(ral«d  in  Fig.  139.  The 
base  A  may  be  levelled  by  the  thumb  screws  B,  and  is  attached  to  the  standaid  C  and 
also  the  platen  D,  which  by  meann  of  a  ecrew-ahank  raises  or  lowers  the  revolving  disc  £, 
on  which  is  placed  the  sample  of  bituminous  material  to  be  tested.  The  st^idard  C 
carries  a  bracket  F  adjustable  as  to  elevation  by  a  thumb-ecrew,  also  the  bracket  G, 
which  on  the  back  carries  the  clock-work  H  timing  the  duration  of  the  teat  by  half- 
second  beats,  and  on  the  front  the  dial  J  divided  into  360  degrees,  ivilh  the  hand  A', 
marking  the  number  of  d^jrees,  each  of  which  represents  one-tenth  millimeter  of  peae- 
tration  measured  by  rack  on  shding  eaugc  /.,  engaging  in  pinion  on  the  shaft  which 
actuates  the  hand  K,  The  bevelled-edce  mirror  A'^adjustable  through  universal  joints, 
serves  to  reflect  hght  on  the  sample  under  test.  The  plunger  O  acts  as  a  brake,  which 
holds  the  needle  bar,  representing  a  weight  of  50  g.  together  with  the  superincumbent 
weight  in  place,  untd  pressed  inwiuil,  which  movement  permits  the  needle  and  weight 
to  act  upon  t^t-block  without  friction,  and  is  easily  operated  by  grasping  the  horns  Q 
between  two  fingers  and  pressing  the  brake-head  O  with  the  thumb.  Af  represents  a 
weight -of  predetermined  capacity,  either  50  or  150  g.  A  form  of  penetrometer  operatai 
by  an  electrical  timing  device  has  also  been  constructed.*  A  miniature  penetrometer  for 
portable  use  is  illustrated  in  Fig.  140. 

Careful  investigations  have  been  made  as  to  the  diameter  of  the  holder  for  the 
bituminous  material;'  the  method  of  preparing  the  specimen;*  the  size  and  shape 
of  the  needle; '  also  other  variable  factors.*  As  a  result  of  these,  the  following  standaid 
test  has  been  adopted.* 

'S.  of  M.  Quarterly,  10,  297,  1889;  U.  S.  Pat.  494,974  of  Apr.  4,  1893  to  H.  C. 
Bowen;  "Report  of  the  Operations  of  the  Enraneer  Department  of  the  District  of 
Columbia,"  p.  106,  for  1889-90;  also  article  by  ClifiFord  Richardson  in  Eng.  Record  irf 
Oct.  31,  1891. 

'  "Report  of  the  Engineer  Dept.  of  the  District  of  Columbia,  for  year  ending  June 
30,  189S,"  p.  127,  "Report  of  the  Inspector  of  Asphalt  and  Cement  of  the  District  of 
Columbia  for  the  year  ending  June  30,  1901,"  p.  158,  by  A.  W.  Dow;  "Teatinf  of 
Bitumens  for  Paving  Purpcaes,"  by  A.  W.  Dow,  Proc.  Am.  Soc.  Teaung  Mateiula, 
3,  354,  1!K)3;  "Itelation  between  Some  Physical  Properties  of  Bitumens  and  Oil»,' 
by  A.  W.  Dow,  Proc,  Am.  Soc.  Testing  Materials.  6,  497,  1906. 

'"The  Development  of  the  Penetrometer  as  Used  in  the  Determination  of  the 
Consistency  of  Semi-Solid  Bitumens,"  by  Chfford  Richardson  and  C.  N.  Forrest,  Proc. 
Am.  Soc.  Testing  Materials,  7,  626,  1907;  "A  Further  Development  of  the  Penetinmetet 
as  Used  in  the  Determination  of  the  Consistency  of  Semi-Solid  Bitumens,"  by  C.  N. 
Forrest,  Proc.  Am.  Soc.  Testing  Materials,  9,  BOO,  1909. 

'  U.  S.  Pat .  512,687  of  Jan.  16,  1894  to  A.  W.  Dow  and  T.  R.  Griffith;  H.  W.  Mahr, 
J.  Ind.  Eng,  Chem.,  6,  133,  1914. 

'  "  Effect  of  Diamel«r  of  Bitumen  Holder  on  the  Penetration  Test,"  bv  C.  S.  Reeve, 
Proc.  Int,  Assoc.  Testing  Materials,  Siirth  Congress,  N.  Y.,  XXV-3,  1912. 

'  Proc.  Am.  Soc.  Testing  Matenals,  16,  Pari  I,  306,  1916;  "Revised  Standard  Test 
for  Penetration  of  Bituminous  Materials,"  by  L.  W.  Page,  Oiem.  Eng.  Manuf.,  24, 32, 
1916. 

'  "A  New  Penetration  Needle  for  Use  in  Testing  Bituminous  Materials,"  by  C.  S. 
Reeve  and  F.  P.  Pritchard,  J.  Agric.  Research,  5,  1121,  1916. 

'  "Effect  of  Controllable  Variables  on  the  Penet.ration  Test  for  Asphalts  and  Aapliill 
Cements,"  by  Provost  Hubbard  and  F.  P.  Pritchard,  J.  Agric.  Research,  5,  SlXi,  1916. 

'  "Standard  Test  for  Penetration  of  Bituminous  Materials"  (Serial  Designauan: 
D  5-16),  A.  S.  T.  M.  Standards  Adopted  in  1916,  530;  A.  S.  T.  M.  Standards  1918. 632. 
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"Penetration  is  defined  as  the  consiBtency  of  s  bituminouB  maUrial,  expressed  as 
ttte  diatADce  that  a  standard  needle  vertically  penetrates  a  sample  of  the  material  mider 
''iMiwn  conditions  of  loading,  time  and  temperature.  Where  the  conoitions  of  test 
■K  not  specifically  mentioned,  the  load,  time  and  temi>erature  are  understood  to  be 

JW>  I.,  5  seconds  and  77°  F.  respectively,  and  the  uniu  of  penetration  to  indicate 

■untdredths  of  a 


"Tlie  container  for  holding  the  material  to  be  tested  shall  be  a  flat-bottom  cvlindrical 

<UBh,  55  mm.  (2^  in.)  in  diameter  and  35  mm.  (1 1  in.)  deep.     The  needle  for  this  test 

■oall  be  a  cylindncal  steel  rod  .50.8  mm.  (2  in.)  long,  having  a  diameter  of  1.016  mm. 

tO.04  in.}  and  turned  on  one  end  to  a  sharp  point  having  a.  taper  of  6.35  mm,  (1  in.). 

The  water  bath  shall  be  maintained  at  a  temperature  not  varying  more  than  0,2"  F. 

'torn  77°  F.     The  volume  of  water  shall  not  be  less  than  10  litres,  and  the  sample  shall 

be  inunersed  to  a  depth  of  not  leas  than  10  cm.  (4  in.)  and  shall  be  supported  on  a 

perforated  shelf  of  not  less  than  5  cm.  (2  in.)  from  the  bottom  of  the  bath.     Any  appar- 

Witt  which  will  allow  the  needle  to  penetrate  without  appreciable  friction  and  wtiich 

>•  swurately  calibrated  to  yield  results  in  accordance  with  the  definition  of  penetration, 

*ill  be  si-ceptable.     The  transfer-dish  for  container  shall  be  a  small  dish  or  tray  of  such 

^■sdty  as  will  insure  complete  immersion  of  the  container  during  the  test.     It  shall 

<>*  pnmdcd  with  some  means  which  will  insure  a  firm  bearing  and  prevent  rocking  of  the 
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The  sample  shall  be  completely  melted  at  the  lowest  possible  tPmpentuie  ind 
stirred  thorauBhly  unlil  it  is  homogeneous  and  free  from  air  bubbles.  It  shall  then  be 
poured  into  tne  sample  container  to  a  depth  of  not  less  than  13  mm.  (|  ia.).  Vk 
sample  shall  be  protected  from  dust  and  allowed  to  cool  in  an  atmosphere  not  lowr 
than  63°  F.  for  1  hour.  It  shall  then  be  placed  in  the  water  ba^th  along  with  the  tmufer 
dish  and  allowed  to  remain  1  hour, 

"In  making  the  tent,  the  sample  shall  be  placed  in  the  transfer  dish,  filled  witii  wittf 
from  the  water  balh  of  sufficient  depth  to  completely  cover  the  container.  The  tramftt 
dish  coDtoining  the  sample  shall  then  be  placed  upon  the  stand  of  the  penetration 
machine.  The  needle,  loaded  with  specified  weight,  shall  be  adjusted  to  make  cnntirt 
with  the  surface  of  the  sample.  This  may  be  accomplished  by  making  contact  of  the 
actual  needle-point  with  the  image  reflected  by  the  surface  of  the  sample  from  a  properiy 

E laced  source  of  light.  Either  the  reading  of  the  dial  shall  then  be  noted,  or  the  needle 
rought  to  zero.  The  needle  ia  1  hen  released  for  the  specified  period  of  time,  after  which 
the  penetration  machine  is  adjusted  to  measure  the  distance  penetrated. 

At  least  three  tests  shall  be  mode  at  points  on  the  surface  of  the  sample  not  Ifffi 
than  1  cm.  (j  in.)  from  the  side  of  the  container,  and  not  less  than  1  cm.  ()  in.)  sp&rt. 
After  each  test  the  sample  and  transfer  dish  ^all  be  returned  to  the  water  hath  and 
the  needle  shall  be  carcfuUy  wip(«d  toward  itfl  point  with  a  dean  dry  cloth  to  remove  »11 
adhering  bitimilnous  matter.  The  reported  penetration  shell  be  the  average  of  st 
least  three  tests  whose  values  shall  not  differ  more  than  4  points  between  maximum  und 
minimum.  When  desirable  to  vary  the  temperature,  time  and  weight,  and  to  provide 
for  uniform  method  of  reporting  results  when  such  variations  are  made,  the  samplf 
shall  ba  melted  and  cooled  in  air  as  above  directed.  They  shall  then  be  immcisea  if^ 
water  or  brine,  as  the  case  may  require,  for  1  hour  at  the  temperature  desired.  The 
following  combinations  are  suggest^; 

32°  P.;  200  g.  weight;  60  seconds, 
77°  F.;  100  g.  weight;  5  seconds,' 
115°  F.;    50  g.  weight;     6  seconds," 

Consiitometer.  ThLs  instrument  ia  constructed  according  to  scientific  principles, 
and  may  accurately  be  duplicated  at  any  lime.  It  registers  the  degrees  haroneas  on  a 
scale  ranging  from  0  to  100,  and  is  suitable  for  determining  the  haraness  of  subalances 
as  soft  as  vaseline  (which  will  test  0,3  at  77°  F,)  to  substances  as  hard  as  gilsonite 
(testing  in  the  neighborhood  of  100  at  77°  F.),  In  all  cases,  the  hardness  or  consistency 
ia  expressed  as  the  cube  root  of  the  number  of  grama  which  must  be  applied  t«  a  circular 
flat  surface  1  sq^.cm,  (lOOaq.mm.)inarea,  locauseit  to  displa(«  the  substance  at  a  speed 
of  1  cm.  per  minute.  Headings  for  all  bituminous  substances  and  at  all  temperatures 
(whether  115,  77  or  32°  F.)  arc  expressed  on  a  single  scale.  The  harder  the  substance, 
the  greater  will  be  its  harilncss  expressed  numerically. 

Four  mushroom-shaped  plungers  arc  used,  each  having  a  round  flat  head  with  a 
reduced  shank,  so  the.pcrimeler  of  the  penetrating  surface  forms  a  "knife"  edge.  Thii 
entirely  eliminates  the  fractional  adhesion  of  the  bituminous  substance  to  the  sides 
of  the  plungers.     The  flat  heads  of  the  plungers  are  made  in  the  following  dimensions: 

No.  1 1.13  1 

No.  10 3.57  10 

No.  100 11.28  100 

No.  1000 35.67  1000 

isists  in  forcing  one  of  the  plimgers  into  the  substance  at  a 

linute.     The  force  is  automatically  registered  in  grams  or 

'or  any  plastic  substance,  the  number  of  grams  required  to  effect  this 

._..  is  dire<'tlv  proportional  to  the  volume  displaced.     The  volumes  displaced 

eby  the  respective  plungers  arc  0.1,  0,10,  I.OOand  10,0  cc.  respectively.    Th« 

etween  the  plungers  is  therefore  in  the  direct  proportion  of  1  :  10  :  100  ;  100ft 


the  printed  method  published  by  the  A 
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Two  interchangeable  sprini^  t 


!  supplied. 


ranging  from  0  to  10  kp,,  in  0.1  kg.  divisions.  In  using  plungers  No.  1  and  No.  10, 
the  kilogram  spring  only  should  be  employed.  In  uain^  plunger  No.  100  either  the 
ETom  or  the  kuogram  spring  may  be  employed,  depending  upon  the  hardneea  of  the 
maleriftl.  In  using  plunger  No.  1000,  the  gram  spnng  only  should  be  employed.  The 
relaiioos  arc  eiprrased  in  the  following  table; 


I 


lOOOsq-mm 

G. 

/  From  10  g. 
t   to  1000  g. 

1 
100 

1.00 
4.64 

G. 
Kg. 

/  From  100  g. 

\      to  lOOO  g. 
/From  1.0  kgB. 
\      to  10.0  kgs. 

100 
1,000 
1,000 
10,000 

4.64 
10.00 

21.5 

mmi.mm 

Kg. 

/From  1.0  kg. 
\     to  10.0  kgs. 

10,000 
100,000 

21.5 
46.4 

Kg. 

/From  1.0  kg. 
\      to  10.0  kgs. 

100,000 
1,000,000 

100.0 

The  coneiBtometer  is  iUuMrated  in  Fig.  141.  It  is  first 
levelled  by  the  four  serews  A .  The  spring  B  is  then  attached, 
selcrting  the  gram  spring  for  soft  substances,  or  the  kilo- 
gram spring  for  hard  substances.  The  ateel  shaft  C  is  inserted 
and  screwed  firmly  into  place.  The  plunger  D  should  then 
be  screwed  into  the  lower  end  of  the  shaft.  Plunger  No.  1 
is  used  for  hard  and  brittle  substances,  plunger  No.  10  for 
moderately  hard  Holid  substances,  plunger  No.  100  for  mod- 
erately soft  semi-solid  subetancee,  and  plunger  No.  1000  foT 
eemi-liquid  substances. 

The  scale  E  is  graduated  in  grams  on  one  side,  and  kilo- 
grama  on  the  other,  and  is  reversible.  It  should  be  inserted 
K>  that  the  graduations  will  correspond  with  the  spring  used, 
and  adjusted  so  the  indicator  F  will  rest  at  the  0  division. 
The  maximum  indicator  G  is  also  brought  to  the  0  division 
Hang  the  small  instrument  //. 

The  bituminous  substance  is  melled  at  the  lowest  possible 
emperature  and  poured  into  a  small  receptacle  as  described  for 
the  needle  penetration  method.  The  tin  box  J  containing 
the  bituminous  substance  is  then  supported  underneath  the 
machine  in  a  vessel  of  water  (not  shown)  maintained  at  the 
temperature  at  which  the  teat  is  to  be  performed.  The  pres- 
wre  is  applied  to  the  plunger  by  turning  the  hand-wheel  0, 
and  the  speed  of  displacement  controlled  by  following  the 
pointer  K,  on  the  dial  /.,  which  should  be  caused  to  revolve 
U  the  same  speed  as  the  second  hand  of  a  chronometer  M, 
conveniently  suspended  alongside.  The  numbers  on  the  dial 
L  correspond  with  those  of  the  second  hand  on  the  rhronom- 
eter.  One  revolution  of  the  pointer  K  indicates  that  the 
plunger  has  moved  downward  exactly  one  centimeter. 

At  the  termination  of  60  seconds,  after  the  pointer  on  the 
dial  has  made  one  revolution,  the  pressure  on  the  plunger  is 
relieved.  The  reading  of  the  maximum  indicator  G  on  the 
wale  E  is  then  noted,  and  the  corresponding  degree  of  hard- 
ne*  ascertained  by  referring  to  the  table  supplied  with  the 


141— Consistomct«r. 
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When  the  plunger  rammenres  to  diapl&ce  the  substance  at  the  specified  speed  of 
1  cm.  per  minute,  a  maximum  reading  is  obtained  which  should  remaiD  constant  through- 
out the  entire  diaptacemcnt.  The  consistometeT  is  simple  to  operat«,  gives  doed]- 
concord&nt  raulta,  expresBee  the  readings  obt&ined  at  all  tempenturee  on  one  tcaU  tod 
has  a  Buihciently  great  range  to  include  oil  bituminous  substances  ordioarily  encmut- 

Susceptibilitj  Factor.  This  factor  is  a  numerical  exprewion  representing  the  so- 
ceptibility  of  a  Ditumtnous  substance  to  temperature  changes.  The  more  sUBceptibte 
the  material  the  higher  will  be  it«  "Busceptibility  factor."  It  is  calculated  from  the 
consistometer  hardness  and  the  K.  and  H.  fusing-point  in  the  following  manner: 

.u-.-.    f  .^         (Hdat32°F.)-(Hdat  llST.i^,^ 
SuBcept.b.hty  Factor=  y^^^^^^^^  k.  and  8.  Method  ^^*» 

By  means  of  the  ausceptibiUty  factor,  bituminous  materials  may  be  roughly  divided 
into  the  following  groups,  viz.; 

SiiKceptibilily  Factor  under  40:  Includes  blown  petroleum  asphalts,  falty-acid  pilches 
and  fluxed  aaphaltites  (having  a,  factor  between  8  and  40);  alao  wurliilite  asphalta 
(having  a  factor  between  30  and  40). 

Suaeeplibilili/  Factor  between  40  and  60:  Includes  retiidual  asphalts. 

Su3ceptil>ilily  Factor  oifr  60:  Includes  mineral  waxes,  pitches  derived  from  tara, 
and  asphaitites  (of  which  the  susceptibility  factor  varies  from  75  to  over  100). 

Native  asphalts  have  been  excluded  from  the  foregoing  groups,  since  thar  sus- 
ceptibility factors  vary  widely,  ranpntt  from  15  to  greater  than  100.  The  author  has 
never  examined  a  bituminous  material  having  a  susceptibility  factor  lower  than  &■' 

Ductility 

This  represents  the  capacity  of  the  bituminous  material  for  elongating  or 
stretching. 

There  are  two  methods  in  use,  depending  upon  the  construction  of  the 
moulds,  namely  one  devised  by  A.  W,  Dow,  and  one  proposed  by  the  author. 

Dow  Ductillt;  Test.  The  Dow  mould  is  constructed  of  four  brass  parU  as  illus- 
trated in  Fig.  142,  and  of  the  following  dimensions:  external  length  9  cm.,  intenud 


Courtesy  ol  HumlMldt  M[g.  Co. 

FiQ.  142.— Dow  DuctiLty  Mould. 

length  T.a  cm.,  distance  between  the  ends  of  clips  3.0  cm,,  extreme  internal  width  of 
mould  3.0  cm.,  internal  width  at  mouth  of  clips  2.0  cm.,  internal  crose-scclion  half-way 
between  clips  1.0  cm.,  and  thieknesaof  briquette  1.0  cm.'    The  two  centre  pieces  should 

...B  for  the  Phyaical  Testing  of  Bituminous  Materials,"  bj 
.  Am.  Soc.  Testing  Materials,  9,  568,  1909;    11,  676,  1911; 
U.  S.  I'at.  989,471  of  Apr   11,  1911  to  Herbert  Abraham. 

' '  Improved  Instruments  for  the  Phyaical  Tcating  of  Bituminous  Materials,"  bj 
Herbert  Abraham,  Proc.  Am.  Soc.  Testing  Materials,  II,  683,  1911. 

•  "The  Testing  of  Bitumens  for  Paving  Purposes,'  by  A.  W.  Dow,  Proc.  Am.  Sof- 
Testing  Materials,  3, 3Ji2,  1903;  "RepoH  of  theCommissionereof  theDist.ofColumbia, 


.  ending  June  30,  1904.-'_p.  42;  "Methods  for  Tesling  Asphalt,"  by  A.  ft- 
Dow,  Chem.  PJng.,  1,  330,  lOTO;  'Tests  of  Asphalts  for  Paving  Purposes,"  by  A.  fl. 
Dow  and  V.  P.  Smith,  Munic.  Eng.,  40,  437,  1911. 
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be  well  amalgamated  to  prevent,  the  bituminous  material  from  adhering,  and  the  mould 
■uaembled  on  an  amalgamated  brass  plate.  The  bituminous  material  is  melted  at  the 
lowest  possible  t«mperatiire,  poured  in  a  st«ady  stream  into  tlie  oentcr  of  the  mould, 
and  a  uight  excess  added  to  nilow  for  shriukage  on  cooling.  The  mould  is  cooled  in 
sir  and  levelled  oS  with  a  hot  spatula.  The  center  pieces  are  then  removed,  leaving  the 
briquette  of  bituminous  material  held  at  either  end  by  the  clips,  and  carefully  transferred 
to  a  vessel  of  water  maintained  within  1  degree  of  the  requir^  temperature  for  at  least  1 , 
but  not  longer  than  2  hours.  The  clips  should  then  be  pulled  apart  under  water  main- 
tained within  i  degree  of  the  requirca  temperature,  at  a  uniform  rat£  of  speed  of  5  cm. 
per  minute.  The  line  of  pull  should  be  horizontal  or  nearly  so,  and  the  separation 
effected  without  apprcciiiblc  vibration.    Three  tests  should  be  averaged.'    It  is  custom- 


Courlf  ay  of  Howsnl  A  Mone. 

Fia.  143.— Smith  Ductility  Machine. 

■ly  to  make  this  test  at  three  temperatures,  viz.:  115,  77  and  32°  F.  Various  machines 
n»ve  been  proposed  for  this  purpose,  including  the  one  devised  by  Smith,  illustrated 
m  Rg.  143.' 

„  '  "Report  of  Sub-Committ«e  on  Ductihty  Tests,"  Proc.  Am.  Soc.  Testing  Mat«rials, 
Pm  1, 15,  349,  1915. 

'"Machine  for  Testing  the  DuctiLty  of  Bituminous  Paving  Cements,"  by  F.  P. 
°iuth,  Proc.  Am.  Soc.  Testing  Materials,  9,  594,  1909. 
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uthor.  a  illiiDii«i*= 
^yliiuirical  section 


Fig.  145.- 


Abrahiun's  Mould. 


constructed  of  hardened  sleel,  resting  together  on  circular  knife-edges  and  maintainKl 
ID  that  position  by  three  guide  pins.  It  is  filled  by  UDScrewing  the  upper  c&p  and 
jKiuring  ID  the  mehed  bituminous  substance,  which  on  cooling  forms  a  pnsmoid,  whose 
altitude  is  3.5  cm.,  the  end-areas  1.8  cm.  in  diameter,  with  a  minimum  cross-section  at 
the  center  of  exactly  1.0  sq.cm.  (1.28  em.  in  diameter).  The  upper  cap  is  screwed  in 
place,  the  mould  faslencdin  the  teDsomutcrand  the  two  halves  sepaTat«d  at  the  uniform 
si>eed  of  5  ecu.  per  minute.  The  elongation  in  cms.  at  the  moment  the  material  parts 
is  a  measure  of  ils  ductility.' 

This  mould  has  a  number  of  odvajit^ca  over  the  Dow  type,  including  its  ad^ta- 
bility  to  tcNting  semi-hquid  and  semi-solid  bituminous  materials,  no  am^gamation  is 
necesaary,  there  is  no  danger  of  the  material  breaking  in  the  mould  upon  being  cooled 
to  the  proper  temperature,  Ihe  personal  equation  is  eliminat«l  in  fiUing  the  mould  with 
the  assurance  that  the  minimum  cross-section  will  be  tiaclly  the  proper  size,  and  only  a 
small  quantity  of  the  material  is  required  in  making  the  test. 
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HEAT  TESTS 
Fusmg  ("  Softening  ")  Point' 

This  coQstitutes  one  of  the  most  valuable  all-around  tests.  Several 
methods  have  been  proposed  for  this  purpose,  viz.: 

Kmner-Saraow  Method.  This  method  is  rapid,  accurate,  sjid  adapts  itself  either 
to  soft  or  hard  bituminous  materials,  from  residual  oils  up  to  grahamitc.  Its  range  is 
greater  than  that  of  any  other  fuaing-point  method. 

It  was  iirst  proposed  by  O.  Kramer  and  C.  Sumow.*  Various  modilicationB  have 
been  suggested  from  time  to  time.'  The  author  has  made  a  eareful  study  of  this 
method,  and  recommendH  the  following  procedure:' 

Subslanees  Fusing  below  194°  F,  This  method  consists  in  heating  a  plu^  of  the 
bituminous  substance  S  mm.  long,  in  on  open  glass  tube,  6-7  mm.  internal  diameter, 
and  about  8  cm.  long,  the  plug  supporting  5  g.  mercury,  and  the  tube  being  immersed 
ia  s  vessel  of  water,  the  level  of  which  reaches  approximately  the  cenler  of  the  mercury 
column.  In  making  the  test,  a  thermometer  is  suspended  in  the  liquid,  so  its  bulb  will 
be  at  the  same  level  as  the  plug  of  bituminous  material.  Tlie 
thermometer  is  supported  in  a  separate  glass  tube  of  (he  same 
ihicliness  and  diameter  as  the  other  tube,  but  differing  therefrom 
ia  having  its  lower  end  sealed,  and  containing  sufficient  mercury 
to  surround  the  bulb.  The  water  is  heated  at  a  uniform  rate  of 
4°  F,  per  minute,  and  the  temperature  at  whieh  the  merrury  drops 
Ihinufh  the  plug  of  bituminous  material  recorded  as  its  fusing 
temperature.  The  tube  containing  the  bituminous  8Ubs(ance 
may  have  a  mark  etched  5  mm.  from  the  end,  as  a  convenient 
■  '      '  le  introduced. 


>  the 


6 


guide  for  the  quantity  of  bituminous  material  to  be  intr 
The  plug  of  bituminous  raat«rial  may  be  introduced  i 
lube  by  mverting  it  and  inserting  from  its  lower  end  a  well-fit- 
ting cork  or  wooden  plug  fastened  to  a  stiff  wire.  The  mercury 
is  poured  on  same,  and  the  plug  raised  or  lowered  until  the  men- 
ia-ua  of  the  mercury  coincides  with  the  mark  etched  on  the  lube. 
The  bituminous  material  is  then  melted  atatemperaturesUghtly 
»bove  its  fuaing-point  and  poured  on  top  of  the  mercury,  to 
(ompletely  fill  the  tube,  which  should  be  warmed  shghtly.  When 
ccol,  the  oituminouB  material  is  levelled  off  even  with  the  end 
of  the  tube,  whereupon  the  tube  ia  inverted  and  the  plug  with- 
drawn.    This  is  illustrated  in  Fig.  14C. 

The  mercury  is  measured  from  a  heavy-walled  capillary  tube 
of  1  mm.  bore,  terminating  in  a  Ihrce-way  cock,  and  cahbrated  no.  !■«>. — .viem- 

lo  hold  exactly  5  g.  mercury  at  room  temperature.     The  short      od  of  Filling  K.  &  S. 
limb  of  the  tube  is  connected  with  a  movable  reservoir  con-      Fusing-  Point 
Uining  mercury,  the  height  of  which  is  adjusted  so  the  mercury       Tubes. 
is  the  capillary  tube  exactly  reaches  the  pWuation. 

'The  terms  "fusing-point"  and  "softening  point"  have  been  used  throughout  the 
text  in  place  of  the  phrase  "melting-point,"  since  the  former  are  more  expressive  of  the 
behavior  of  fusible  bituminous  substances  under  the  influence  of  heat.  They  pass 
traduaUy  from  the  sohd  to  the  hquid  condition,  the  transition  taking  place  slowly, 
owing  to  the  heterogeneous  character  of  the  substances  present.  The  phrase  "  melting- 
[nint "  is  more  appropriately  applied  to  chemical  substances  having  a  definite  romposi- 
tioD,  wliich  melt  sharply,  and  within  a  narrow  temperature  range. 

'Chem.  Ind.,  26,55,  1903. 

'B.  M.  MoigOBches,  Chem.  Hev.  Fett-Hars-Ind.,  11,  277,  1904;  M.  Wendriner, 
Z.  aogew.  Chem.,  18,  622,  1905;  E.  Graefe,  Chem.  Zeit.,  30,  298,  1906;  Bauert,  Chem. 
Zot.,29,  382,  1905;  Oftermann,  Petroleum,  6,  2117,  1910;  L.  Barl a.  Petroleum,  7,  158, 
1911;  V.  Abeles,  Chem.  Zeit.,  38,  240,  1Q14. 

'"Improved  Instruments  for  the  Physical  Testing  of  Bituminous  Materiab,"  by 
Herbert  Abraham,  Prac.  Am.  Soc.  Teeting  Materials,  9,  575,  1909;  11,  673,  1911. 
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The  heating  is  conveniently  eSect«d  by  means  of  a  reeiBtaiiGe  cell  WHwrinting  of 
beaker  75  mm,  diameter  by  100  mm.  high,  canying  400  cc.  water  to  which  are  add 
4  drape  of  concentrated  eulphuric  acid.  The  appeLratua  is  assembled  as  shown  in  P. 
147.     A  direct  current  of  110  volts  is  used  in  conjunction  with  a  rheostat  provided  wi 


Binding  fh$ 


Mercury-  '^platinum  Wira 

Fia.  147.    Resistance  Cell  for  Fusing-pobt  Determination. 


■  Private  communication  from  Mr.  Dozier  Finlcy,  Emeryville,  Cal. 
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A  oonvenient  device  for  controlling  the  temperature  consists  of  a  clock  from  which 
the  hour  hand  has  been  removed,  and  the  dial  graduated  in  240  diviaions  representing 
degrees  Fahrenheit.  The  rise  in  temperature  ia  aynchroniied  with  the  minute  hand  ol 
the  clock  and  controlled  by  the  rheostat  to  increase  ezaciiy  4°  F.  ner  minvte.  The 
initial  temperature  of  the  water  should  be  at  least  25°  F.  lower  than  the  fusing-point  of 
the  material  to  be  examined.    Six  teats  ma^  be  run  simultaneously, 

SiJ>glance»  Fusing  above  194'  F,  In  this  Rase  the  heating  is  performed  by  a  direct 
flame,  as  illustrated  id  Fig.  148,  the  water  being  replaced  with  castor  oil  which  may  be 


Fia.  148.— K.  and  S.  Tester  for  High  Fusing-Point  Substances. 


heated  safely  to  about  600°  F.  This  method  may  be  used  for  determining  the  fusing- 
pciJDt  of  asphattites  including  grahamite.  A  small  quantity  of  the  high  fusing'point 
bituminous  material  is  powdered  and  compressed  in  the  lower  end  of  the  fusing-point 
tube,  whereupon  it  is  carefully  heated  above  the  flame  of  a  burner,  until  the  plug  of 
bituminous  material  softens  and  fuses  to  the  tube,  which  is  evidenced  by  the  color 
changing  from  a  dull  to  a  glossy  black.  The  tube  ia  then  stood  upright  against  a  block 
of  wood,  a  snug-fitting  glass  rod  inserted  in  the  upper  end,  and  pressed  against  the 
softened  bituminous  material  to  compact  it  into  a  aoUd  mass  7  to  9  mm.  long.  On 
coohng,  the  plug  is  then  carefully  scraped  from  the  lower  end  of  the  tube  until  exactly 
5  mm.  remains,  leaving  an  air  space  2  to  4  mm.  between  the  plug  and  the  lower  end  of 
the  tube.  Care  should  be  taken  when  suspending  the  fuaing-iwint  tube  in  the  heating 
bath  to  allow  the  free  space  below  the  plug  to  remain  filled  with  air,  otherwise  oil  wiU 
come  in  contact  with,  and  prematurely  soften  the  bituminous  material.  The  bath  ia 
heated  at  the  uoiform  speed  of  i"  F.  per  minute.' 
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Ball  tnd  Sing  Method.'  This  method  haa  been  adopt«d  by  the  American  Sodely 
for  Testing  Materials.  The  appamtus  is  illustrated  in  Fig.  149  and  consists  of  Uw 
following:  "  (o)  A  brass  ring  16.S75  mm.  (i  in.)  in  inside  diameter  and  6.35  mm.  (J  in.l 
deep;  tnickneaaof  wall,  2,38  mm.  (A  ii^Oi  permixuible  variation  on  inside  diameter  and 
thickness  of  ring,  0.25  mm.  (0.01  in.).  This  nng  shall  be  att«rhed  i: 
manner  to  a  No.  15  B.  &  S.  gage  brass  wire  (diameter  1.79  mj 
steel  ball  9.53  mm.  (}  in.)  in  aiamet«r  weighing  between  3.45 
and  3.^5  g.  (c)  A  glass  vessel,  capable  of  being  hcat«d,  not 
less  than  11  cm.  (4.13  in.)  in  diameter  by  14  em.  (5.51  in.) 
deep.*  (d)  A  thermometer  which  shall  conform  to  the  fol- 
lowmg  specifications:  Total  length  370-400  mm.,  diameter 
fl.5-7.5  nuiL,  bulb  length  not  over  14  mm.,  bulb  diameter  4.5- 
5.5  mm.  The  scale  shall  be  engraved  upon  the  stem  of  the 
thermometer,  shall  be  clear  cut  and  distinct,  and  shall  run 
from  32°  to  176=  F.in  1/10=  F.  divisions.  It  shaU  commence 
not  less  than  7.5  cm,  above  the  bottom  of  the  bulb.  The  ther- 
mometer shall  be  furnished  with  an  expansion  chamber  at  the 
top  and  have  a  ring  for  attaching  tags.  It  shall  be  mode  of 
a  suitable  quality  of  glass  and  be  so  annealed  as  not  to  change 
its  readings  under  conditions  of  use.  It  shall  be  rorrect  to 
0.5"  F.  as  determined  by  comparison  at  full  immersion  with 
a  similar  thermometer  calibrated  at  full  immersion  by  the  U. 
S.  Bureau  of  Standards." 

"The  sample  shall  be  melted  and  stirred  thorou^y, 
avoiding   incorporating   air  bubble  in  the  mass,  and  then 
poured  into  the  ring  so  as  to  leave  an   excess  on   cooling. 
The  ring,  while  being  filled,  should  rest  on  a  brass  plate  which  has  been  a 
to  prevent  the  bituminous  material  from  adhering  to  it.     After  o 
material  shall  be  cut  off  cleanly  with  a  slightly  heated  knife." 

Subalances  Fusing  below  194°  F.  "Assemble  the  apparatus  as  shown  in  Fig.  149. 
Fill  the  glass  vessel  to  a  depth  of  substantially  8.25  era.  (3.25  in.)  with  freshly  boiled, 
distilled  water  at  41°  F.'     Place  the  ball  in  the  center  of  the  upper  surf  ace  of  the  material 

'  "Standard  Method  for  Determination  of  Softening  Point  of  Bituminous  Materials 
other  than  Tar  Product*"  (Serial  Designation:  D  36-18),  Am.  Soc,  Testing  Materials, 
Standards  for  1919. 

'  A  600-cc.  beaker.  Griffin  low  form,  meets  this  requirement. 

'  The  use  of  freshly  boiled  distilled  water  is  essential,  as  otherwise  air  bubbles  maj 
form  on  the  specimen  and  sJEfect  the  accuracy  of  the  results. 
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in  the  ring  and  suspend  it  in  the  wat«r  so  that  the  lower  surface  of  the  filled  ring  is 
exactly  2.54  cm.  (1  in.)  above  the  bottom  of  tlie  elass  vessel'  and  its  upper  surface  is 
5.08  cm.  (2  in.)  below  the  surface  of  the  water.  Allow  it  to  remain  in  the  water  Cor  15 
minutea  before  applying  heat.  Suspend  the  thermometer  so  that  the  bottom  of  the 
bulb  is  level  with  the  bottom  of  the  ring  and  within  0.635  cm.  <1  in.)  but  not  touching 
the  ring.  Apply  the  heat  in  such  a  manner  that  the  temperature  of  the  water  is  raised 
9°  F.  each  miaut«."' 

"The  temperature  recorded  by  the  thermoinet^^r  at  the  instant  the  bituminous 
material  touches  the  bottom  of  the  slass  vessel  shall  be  reported  as  the  softening  point." 
Si^taiuxa  Fusing  above  194°  F.     "Use  the  same  method  as  given  above,  except 
thatglycerin  shall  be  used  instead  of  wat«r." 

The  hmit  of  accuracj[  of  the  test  is  ±1.0"  F.    The  resistance  cell  described  may  bo 
used  to  good  Euivantagc  tn  the  Ball  and  Ring  method. 

Tests  mode  by  the  author  indicate  that  the  Ball  and  Ring  fusin^-poinls  range  15  to 
25°  F.  higher  than  those  obtained  by  the  K.  and  S.  method!     This  rebtionship  holds 
.    liue  regardleea  of  whether  the  fusing-point  of  the  material  is  low  or  high. 

Cube  Method.    This  method  is  reBtrict«d  to  t«sting  tar-pitches.' 
For  Pitehei  Fusing  below  170"  F.    The  following  method  has  been  proposed  by  the 
American  Society  for  Testing  Materials:* 

"The  apparatus  is  illustrated  in  Fig.  150  and  shall  consist  of  the  following:    (a)  A 

mold  suitable  tor  forming  a  12.7  mm.   {J  in.)  cube  of  pitch;    (6)  an  I^haped  right- 

u^ed  hook  made  of  No.  12  B.  &  S.  gage  copper  wire  (disjnetcr  2.05  mm.  ^^0.0808  in.) 

<liefootof  which  shall  be  2.54  cm.  (I  in.)  long;  (c)  a  glass  vcesel,  capable  of  being  heated, 

not  less  than  8.5  cm.  (3.34  in.)  in  diameter  and  measuring  10.5  cm.  <4.13  in.)  m  depth 

IroiD  the  bott.im  of  the  flare,'   {d)  a  thermometer  which  shall  conform  to  the  following 

spwifications:   total  length  370-400  mm.,  diameter  6.5-7.5  mm.   bulb  length  not  over 

14  mm.,  bulb  diameter  4,5-5.5  mm.     The  scale  shall  be  engraved  upon  the  stem  of  the 

Joennometer,  shall  be  clear  cut  and  distinct,  and  shall  run  from  32  to   176'  F.  in 

'/10°  F.  divisions.    It  shall  commence  not  less  than  7.5  cm.  above  the  bottom  of  the 

PUQ).    The  thermometer  shall  be  furnished  with  an  expansion  chamber  at  the  top  and 

"^vea  rii^  for  attaching  tags.     It  shall  be  mode  of  a  suitable  quality  of  glass  and  be 

^'^  lonealed  as  not  to  change  its  readings  under  conditions  of  use.     It  shall  be  correct 

*^  0,45"  F.  as  determined  by  comparison  at  full  immersion  with  a  similar  thermometer 

*^*librat«d  at  full  immersion  by  the  U.  S.  Bureau  of  Standards." 

'  A  sheet  of  paper  placed  on  the  bottom  of  the  glass  vessel  and  conveniently  weighted 
^ill  prevent  the  bituminous  material  from  sticking  to  the  glass  vessel,  thereby  saving 
^^ttnderable  time  and  trouble  in  cleaning. 

'  Rigid  adherence  to  the  prescribed  rate  of  heating  is  absolutely  essential  to  secure 
a.nniracy  of  results.  The  rate  of  rise  of  temperature  shall  be  uniform  and  shall  not  be 
avenged  over  the  period  of  the  test.  The  maximum  pcrinissible  variation  for  any 
n>inutc  period  after  the  first  three  shall  be  ±0.9"  F.  All  teats  in  which  the  rate  of  rise 
*n  temperature  exceeds  these  limits  shall  be  rejected. 

'"Methods  for  Testing  Coal  Tar,  and  Refined  Tars,  Oils,  and  Pitches  Derived 
TTierrfrom,"  by  S.  R.  Church,  J.  Ind.  Eng,  Chem,.  3,  230,  1911;  5,  195,  1913. 

'"Tentative   Method   for   Determination   of  Softening   Point  of  Tar  Products^ 

,       Cube  m  Water  Method"  {Serial   Designation: 19  T.),  Proc,  A,  S.  T.  M.,  19,  Port 

[       1,754.1918. 

I  '  A  600<c.  belter,  GrifBn  low  form,  meets  this  requirement. 
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"The  pitch  shall  be  formed  into  a  12.7  mm.  (i  in.)  eube,  tml]^  shaped  and  with 
sharp  cdgea,  either  by  melting  and  pouring,  or  softening  and  pressing  into  the  toald. 
In  all  caacs  un  excess  of  pitch  shall  De  usea  and  the  surplus  material  ahall  be  cut  off 
cleanly  with  a  sUghlly  heated  knife.  The  harder  pitches  specified  can  ordinarily  be 
molded  at  room  temperature,  the  Boficr  pitches  in  water  at  about  40'  F.  If  they  are 
melted,  they  should  first  be  thoroi^hly  stirred,  avoiding  incorporating  air  bubbles  in 


F:g,  150. — Cubf^in-water  Method  for  Low  Fuaing-jioint  Substances. 

the  muss,  and  then  [loured  into  the  mold  so  as  to  Icuve  an  excess  on  cooUng.  The  mold 
should  rest  on  a.  brass  plate  and  the  suri'ace  of  the  plate  anil  the  interior  surfaces  of  the 
mold  should  be  amalgamated  to  prevent  the  pitch  from  adhering  to  Ihem." 
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"AtBemble  the  app&r&tus  as  shown  in  Fig.  150.  Fill  the  glass  vessel  with  freshly 
bculed  distilled  water'  to  a  depth  of  aubstanttally  9.5  cm.  (3.75  in.).  With  pitches 
having  softeiUDg  points  below  109.4°  F.  the  temperature  of  the  water  Bhall  be  40°  F., 
and  with  pitches  having  softening  points  between  109.4°  and  170°  F.  the  temperature 
of  the  water  shall  be  60°  F.  Place  the  cube  of  pitch  on  the  wire  as  shown  and  Buspend 
it  in  the  water  so  that  its  lower  edge  is  exactly  2.54  cm.  (1  in.)  above  the  bottom  of 
the  glass  vessel'  and  its  upper  edge  is  5.08  cm.  (2  in.)  below  the  surface  of  the  water. 
Allow  it  to  remain  in  the  water  for  15  minutes  before  applying  heat.  Suspend  the 
thermometer  BO  that  the  bottom  of  the  bulb  is  level  with  the  bottom  edge  of  the  cube 
of  pit«h  and  within  0.635  cm.  [I  in.),  but  not  touching  the  cube.  Apply  the  heat  in 
such  a  manner  that  the  temperature  of  the  water  ia  raised  9°  F.  each  minute.'  The 
tranperature  recorded  by  the  thermometer  at  the  instant  the  pitch  touches  the  bottom 
of  thegiass  veflBel  shall  be  reported  as  the  softening  point." 

"The  Limit  of  accuracy  of  the  test  ia  ±0.9°  F.'*^ 

For  Filches  Fiaing  above  170°  F.  The  heating  is  performed  in  an  air  bath  in  the 
apparatus  illustrated  in  Fig.  151.    The  cube  should  be  suspended  in  line  with  the 


Fio.  151. — Cube-in-Air  Method  (or  High  Fusing-point  Substances. 

observation  windows,  and  the  thermometer  bulb  brought  to  the  same  level.  Thb 
temperature  is  raised  9°  F.  per  minute,  and  recorded  by  the  thermometer  when  the 
cube  drops  1  in.  To  make  the  results  obtained  by  thia  method  correspond  approximately 
with  those  obtained  in  water,  12°  F.  should  be  added  to  the  observed  fusing-point. 

Investigations  of  the  relationship  between  the  Cube  and  the  Ball  and  Ring  methods 
indieate  that  the  results  vary  considerably,  depending  largely  upon  the  nature  of  the 
products  tested  and  their  fuaing-poinla.     No  exact  factors  can  be  given. 

>  The  use  of  freshly  distilled  water  is  essential,  as  otherwise  air  bubbles  may  form 
on  the  cube  and  retard  its  sinking. 

'  A  sheet  of  paper  placed  on  the  bottom  ot  the  glass  vessel  and  conveniently  weighted 
will  prevent  the  pitch  from  sticking  to  the  g1at«  vessel,  thereby  saving  considerable 
time  and  iToublc  in  cleaning. 

'  Rigid  adherence  to  the  prescribed  rate  of  heating  is  absolutely  essential  in  order 
to  secure  accuracy  of  results.  The  rate  of  rise  of  temperature  shall  be  uniform  and 
Hhall  not  be  averageil  over  the  period  of  the  test.  The  maximum  permissibte  variation 
for  any  minute  period  after  the  first  three  shall  be  ±0.9°  F.  All  tests  in  which  the 
rate  of  rise  in  temperature  exceeds  theee  hmits  shall  be  rejected. 
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Volatile  Matter. 

The  following  method  of  procedure  has  been  adopted  by  the  Americaii 
Society  for  Testing  Materials,'  for  determining  the  loss  in  weight  (exduaive  of 
water)  of  oil  and  osphaltic  compounds  when  heated  as  described.  The  material 
under  examination  must  therefore  first  be  tested  for  water,  and  if  water  is 
found  to  be  present,  it  must  be  removed  by  suitable  methods  of  dehydration 
before  the  material  is  subjected  to  the  loss  on  heating  test;  or  another  sample 
obtained  which  is  free  from  water. 

"The  oven  may  be  either  circular  or  rectangular 

either  gas  or  electricity.     Its  interior  dimeosioDS  sh^  _.   --^^-..  .  . 

than  40.64  cm.  (16  in.);  width  and  depth  or  diameter,  at  least  4.08  cm.  (2  in.)  gmtrt 
than  the  diameter  of  the  revolving  shelf.  It  shall  be  well  ventilated  and  shall  be  6Uti 
with  a  window  in  the  upper  half  of  the  door,  so  placed  and  of  sufficient  sise  to  pHmii 
the  accurate  reading  of  the  thermometer  without  opening  the  door.  It  shall  also  be 
provided  with  a  perforated  circular  shelf  preferably  of  approximately  24.8  cm.  (0.75  in.) 
m  diameter.  (A  recommended  form  of  aluminium  shelf  is  shown  in  Fig.  152.)  TUs 
shelf  shall  be  placed  in  the  center  of  the  oven  and  shall  be  suspended  by  a  vertical  riuft  I 
and  provided  with  mechanical  means  for  rotating  it  at  the  rate  of  5  to  6  revolutions  per 
minute.  It  shall  be  provided  with  reeesees  equidistant  from  the  central  ahaft  in  which 
the  tins  containing  the  samples  arc  to  be  placed." 

"The  thermometer  shall  be  between  12.7  cm.  (5  in.)  and  I.').24  cm.  (6  in.)  in  length 
and  the  mercury  bulb  shall  be  from  10  mm.  (0.39  in,)  to  15  mm.  (0.59  in.)  in  Icnglh- 
The  scale  shall  be  engraved  on  the  stem,  shall  be  clear  cut  and  distinct,  and  shall  nut 
from  302°  to  347°  F.  in  i°  F.  divisions  and  shall  commence  substantially  3.81  cm.  (I  I 
in.)  above  the  top  of  the  bulb.  Kvcry  filth  degree  shall  be  larger  than  the  intermedial*^ 
ones  and  shall  be  numberc^l  ....  It  shall  be  mode  of  a  suTtablc  quality  of  glasa  anu 
be  so  annealed  as  to  not  change  its  readings  under  conditions  of  use.  It  shall  be  conec* 
to  0,45°  F,  OS  determined  by  comparison  at  full  immersion  with  a  similar  thermomelc^'' 
calibrated  at  full  immersion  by  (he  U.  S.  Bureau  of  Slandards." 

"The  container  in  which  the  sample  is  lo  be  tested  shall  be  of  tin,  cylindrical  i'^ 
shape,  and  shall  have  a  flat  bottom.  Its  inside  dimensions  shall  be  subetanliallv  »b 
follows:  diameter  .55  mm.  (2.17  in.);  depth,  35  mm.  (1.38  in,).' 

"The  sample  us  received  shall  be  thoroughly  stirred  and  agatated,  warming  i* 
necessary,  to  insure  a  eompletc  mixture  before  the  portion  for  analysis  is  removfci- 
Weigh  50  g.  of  the  water-free  material  to  be  tested  into  a  tared  container  of  the  fori*' 
described.  Bring  the  oven  to  a  temperature  of  325°  F,,  and  place  the  tin  box  contninin^ 
the  sam|)le  in  one  of  the  recesses  of  the  revolving  shelf.  The  thermometer  shall  i>*^ 
immersed  for  the  <lep(h  of  its  bulb  in  a  separate  .W  g.  sample  of  the  material  laidc^r 
lest,  placed  in  a  similar  container,  and  shall  be  conveniently  suspended  from  the  vcrtieo-I 
shaft.  This  sample  shall  rest  in  one  of  the  recesses  upon  the  same  shelf  and  revolve 
with  the  sample  or  samples  under  test.  Then  close  the  oven  and  rotate  the  shelf  5  to jp 
revolutions  per  minute  during  the  entire  test.  Maintain  the  temperature  at  325°  F- 
for  5  hours,  then  remove  the  sample  from  the  oven,  cool  and  weign,  and  calculate  th* 
loss  due  to  volatilization.  During  the  5-hour  period  the  temperature  shall  not  vsr>' 
more  than  2°  F.    All  tests  showing  a  greater  vanalion  in  temperature  shall  be  rejected . 

'  "Tentative  Test  for  Loss  on  Heating  of  Oil  and  Asphaltic  (impounds"  (Seri»J 
Designation:  D  6-19  T.),  A,  B.  T.  M.  Tentative  Standards  for  1919, 

'  A  3-oz.  dill  style  <)(nl  ment  box,  deep  pattern,  fulfilb  these  requirements. 

>  If  additional  periods  of  heating  are  desired,  it  is  recommended  that  tbey  be  maoc 
in  Buccceeive  increments  of  5  hours  each. 
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"Up  to  5  per  cent  loss  in  weight  the  results  obtained  may  be  considered  as  correct 
ritbia  O.S.  Above  5  per  cent  loss  in  weight  the  numerical  limit  of  error  increases  0.01 
or  every  0.5  per  cent  increase  in  loss  by  volatilization  as  followe; 


5.0 

±0.50 

4.50  to    5.50 

5.5 

±0.51 

4.91  to    6.01 

±0.52 

5.48  to    6.52 

10.0 

±0.60 

9.40  to  10.60 

15.0 

±0.70 

14.30  to  15.70 

24.10  to  25.90 

40.0 

±1.20 

38.80  to  41.20 

"Under  ordinary 
of  volatility  may  be  l«sted 
rfXHild  be  tested  separately. 
material  should  be  tested  a 

tiiDultaneoiisly 


lUmber  of  samples  having  about  the  same  degree 
:  the  same  time.  Samples  varymg  greatly  in  volatility 
Where  extreme  accuracy  is  required  not  more  than  one 
one  time  and  duplicate  samples  of  it  should  be  placed 
Such  duplicates  shall  check  within  the  limit*  of  accuracy 


|ivea  above.     Results  obtained  on  samples  showing  evidences  of  foaming  during  the 
totBhall  be  rejected." 

"When  the  penetration  of  the  sample  after  heating  is  required,  melt  the  residue 
tX  the  lowest  possible  temperature  and  thorouEhly  mix  by  stirrin);,  taking  core  to  avoid 
■Drorporating  air  bubbles  in  the  masa.  Then  bring  it  to  the  standard  I«mperature  and 
t«»s  prescribed." 


t, 4l.-- -J 


Top   View 

Frum  A.  S.  T.  M.  BoniUrda. 
Fio.  152.— Shelf  for  Volatility  Oven. 


The  oven  ordinarily  employed  for  determining  the  volatile  matter,  illus- 
trated in  Fig.  153,  is  composed  of  u  cylindrical  vessel  with  a  hinged  cover, 
"Ufroiinded  by  an  insulated  jacket,  with  an  air-space  in  between  acting  as  a 
lue  to  carry  off  the  hot  ga,^ea  generated  by  the  ring-burner  underneath.     The 

'*'nperature  may  be  conveniently  regulated  by  a  mercury  thermostat. 
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FUsh-point. 

The  flaah-point  procedure  ib  used  primarily  for  determiniog  the  sdapU- 
bility  of  bituminous  substances  fur  certain  definite  usages,  and  serves  as  a 
criterion  of  the  fire  hazard. 

A  number  of  flash-point  testers  have  been  proposed,  of  which  the  following 
are  most  generally  used: 

PeiiBky-Hartens  Closed  Tester.  This  apparatus  has  been  adopted  as  standard  by 
the  Govemmeiit  of  the  United  States,  and  foreign  governments  for  testing  high  fiash- 
point  bituminous  materials.     The  instrument  is  illustrat«d  in  Pig.  154,  and  conststa 


Fio.  153.— Volatility  Oven. 


FiQ.  XM.— Pensky-Martens  aoeed 
Flaah-point  Tester. 


of  an  oil  cup  a,  in  a  melal  heating  vessel  b,  sturounded  with  a  Qanged  top  to  preveDt 
loaa  of  heat  by  radiation.  An  orifice  c  permits  the  overflow  of  the  od  into  thejadiet  if 
between  the  oil  cup  and  the  heating  vessel.  It  is  likewise  provided  with  a  mechanical 
stirring  device  e,  the  thermometer/,  the  teflt  flame  g,  burner  i,  wire  screen  j,  and  Bpringi 
to  work  the  slide  under  the  test  flame. 

The  approximate  flash-point  is  ascertained  by  a  preliminary  teet.  The  melted 
bituminous  substance  is  poured  into  the  Pensky-Martens  tester,  which  should  be  p«i^ 
fectly  level,  taking  care  not  lo  splash  any  on  the  sides  of  the  cup,  or  to  cause  any  froth 
on  the  surface.  All  bubbles  should  be  pricked  with  a  hcatod  wire.  The  test  &me  is 
then  regulated  to  correspond  in  size  with  the  Ivory  bead  on  the  cover  (to  bum  0.1  cu.ft. 
coal  gas  per  hour).  The  burner  i  is  lit.  and  the  contents  heated  rapidly  at  first  until 
the  temperature  reaches  .W"  F,  below  the  eiqjected  flaah-point,  whereupon  the  rise  in 
temperature  shotdd  be  controlled  to  increase  exacllj'  5°  F.  per  minute.  At  each  degree 
the  milled  head  k  is  turned  and  the  flame  g  lilted  into  the  cup  for  exactly  one  seccnid. 
The  test  is  continued  until  the  flash-point  occurs.  Any  slight  flickering  or  spreadini 
of  the  flame  is  ignored.  The  end  point  ie  evidenced  by  an  unquestionable  flash.  The 
apparatus  should  be  protected  from  draughts,  and  the  sample  stirred  continuously 
during  the  test.  If  the  thermometer  ia  graduated  to  read  for  total  immersion,  the  stem- 
correction  should  be  applied.  When  this  is  done,  it  is  suggested  that  "corr."  be  added 
to  the  reading,  thus:  "Flash  378°  F.  corr," 
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A  simplified  form  of  Pensky-Martens  tester  for  approximately  determimng  the 
flash-point,  conaista  of  a  glass  beaker  or  metal  cup  having  the  same  dimensions,  munely 
5.0  cm.  in  diameter,  and  5.5  cm.  in  depth,  filled  to  within  1,8  cm.  of  its  upper  rim  with 
t^  material  to  be  tested.  This  is  supported  on  a  sand  bath  and  the  thermometer  bulb 
immersed  in  the  bituminous  material  without,  however,  touching  the  aides  or  bottom. 
The  test  flame  is  adjusted  to  a  3  mm.  cross-Bection,  and  the  test  pofonned  exactly  as 
described  for  the  Pensky-Martena  tester.' 

CleveUnd  Open  Tester.    This  apparatus  is  described  on  p.  1120. 

H«w  York  State  or  Elliot  Closed  Tester.  The  method  of  using  this  tester  is  de- 
Kribedonp.  1109.  For  testing  bituminous  Bubstancea,  the  rise  in  temperature  is  care- 
fully  regulated  to  10°  F.  per  minute. 

Fixed  Carbon 


DistUlatioii  Test 
Flask  Method  of  Distillation.  If  water  is  present,  the  bitui 
firat  be  dchydratod.  This  may  be  conveniently  performed  by 
distilling  500  cc.  in  an  800-cc.  copper  still,  provided  with  a 
vster-coolcd  condenser,  the  distillate  Ming  caught  in  a  200-cc. 
?eparalon'  funnel.  When  all  the  water  is  expelled,  the  distillate 
i^  allowed  to  settle,  the  water  drawn  oS  and  the  oils  returned 
^  the  residue  in  the  still  after  the  contents  have  cooled  below 
212"  F. 

The  apparatus  as  assembled  is  illustrated  in  Fig.  155.  It 
consists  ol  a  standard  250-cc.  Engler  distilling  flask. 

The  condenser  tube  shall  have  the  following  dimensions: 
adapter  70  mm.;  length  of  straight  tube  186  mm.;  width  of 
lube  12-15  mm.;    width  of  adapter  end  of  tube  20-25  mm. 

A  carefully  standardized  thermometer  should  be  used. 
The  cylinder  used  for  collecting  the  distillate  shall  have  a  ca- 

rity  of  25  cc.  and  be  graduated  in  0.1  cc.  The  burner  should 
provided  with  a  tin  shield,  having  a  small  hole  for  observ- 
19B  the  flame.  The  thermometer  bulb  should  be  placed  oppo- 
ate  the  middle  of  the  tubulature.  Pour  100  cc.  of  the  dchy- 
i^ted  bituminous  material  into  the  Engler  flask  and  weigh. 
Then  commence  to  distil  at  the  rate  of  1  cc.  per  minute, 
rhanf^ne  the  receiver  as  the  mercury  column  passes  the  fol- 
lowing Iractioning  points,  reporting  the  fractions  by  wdght 
Uid  by  volume: 

Start  to  110°  C;  110-170°  C;  170-235°  C;  235-270°  C; 
270-300°  C;  and  residue. 

The  remdue  is  weighed  after  the  distillation  is  completed  and    tion . 
the  flask  cooled,' 

'"Flash  Point  of  Oils,"  by  1.  C.  Allen  and  A.  S.  Crossfield,  Tech.  Paper  No.  «, 
Petroleum  Technology  10,  Dept.  of  Interior,  Bureau  of  Minee,  Wash.,  D,  C.,  1913. 

'"Standard  Method  for  Distillation  of  Bituminous  Materials  Suitable  for  Road 
Tmtment"  (Serial  Designation:  D  20-18),  1918  Book  of  A.  8.  T.  M.  Standaids,  669. 
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Retort  Hetbod  of  DistiUation.  Thia  method  is  adapted  prindpally  for  analyBni 
creoaol«  oik  euitable  (or  impregnating  timber.'  The  diatillatioa  is  performed  in  ft  ^am 
retort,  having  &  capacity  of  250- 
290  cc.  (measured  by  pladnx  the 
retort  with  the-  bottom  of  the 
bulb  and  the  end  of  the  <rf[take 
in  the  same  homontal  idsneuid 
pourinE  water  into  the  bulb 
through  the  tubulature  until  it 
overflows  through  the  <Atake). 
The  length  of  the  oStake  should 
be  25-30  cm.,  its  internal  diam- 
eter next  t«  the  bulb  approii- 
matcly  2.S5  cm.,  and  the  diam- 
eter at  the  open  end  utpnos- 
matciy  1.25  cm.  The  dwinet« 
of  the  tubulature  should  be  ap- 
proximately 1.9  cm. 

The  condenser  tube  stwD 
have  the  following  dimenaoni: 
diameter  of  small  end  12.5  mm. 
with  a  variation  of  1.5  mm-; 
diameter  of  large  end  28.6  mm. 
with  a  variation  of  3.0  mm.; 
length  360  mm.  with  a  vanation 
of  4.0  mm. 

The  asbeetde  shield  for  the 

retort  shall  have  the  form  ftod 

shall  conais         _  .  . 

e  carefully  etandardised. 


8.  T.  M.  8t»iMUrd». 

Fiti.  166.— Asbestos  Shield  for  Retort. 


dimensions  illustrated  in  Fig.  15S.     The  receive 
60-tOO  cc.  capacity,  and  the  thermometer  shall 

The  apparatus  is  assembled 
as  illustrated  in  Fig.  157.  Ex- 
actly 100  g.  of  dehydrated  creo- 
sote oU  arc  distilled  at  the  rate  of 
not  less  than  1,  nor  more  than  2 
drops  per  second,  the  distillate 
being  collected  and  weighed  in 
the  receiver.  The  condenser 
tube  should  be  warmed  whenever 
necessary  to  prevent  the  accu- 
mulation of  solid  distillate,  and 
the  receiver  changed  as  the  mer- 
cury passes  the  dividig  lempera- 
lures  of  the  following  fractions: 
210,  235,  270,  315  and  355"  C. 
When  the  temperature  registers 
355°  C.  the  flame  shall  be  re- 
moved from  the  retort,  and  any 
oil  which  has  condensed  in  the 
offtake  drained  into  thp  35.5° 
fraction.  The  retort  is  cooled 
and  rcwcighed  to  ascertain  the 
amount  of  residue,  which  is  generally  tested  by  the  float  test. 


Fio.  157. — Retort  Method  of  Distillation. 
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SOLDBILITT  TESTS 
SolobUi^  in  Cftrbon  Disulphlde 
With  native  asphalt  containing  over  10  per  cent  of  mineral  matter,  it  is 
advisable  to  separate  the  portion  soluble  in  carbon  disulphide  for  ascertaining 
its  physical  characteristics,  fusing-point,  and  sometimes  fixed  carbon. 

The  tesU  ^nerally  employed  for  this  purpose  have  been  devised  by  the  Am.  Soc. 
Testing  Materials'  and  are  Hubstantialiy  bb  follows,  deviating  slightly  m  phraseoIoEy. 

The  bituminous  material  should  first  be  freed  from  moisture.  If  semi-sohd  to  solid 
it  may  be  heated  in  an  oven  126°  C.  for  1  hour,  provided  it  is  substantially  free  from 
volatile  matter  at  this  temperature.  If  volatile  materials  are  present,  it  should  be 
dehydrated  by  distillation  at  a  low  temperature,  the  water-free  distillate  being  returned 
to  the  residue,  and  thoroughly  incorporated  with  it. 

Sufficient  of  the  dehydrated  material  to  insure  the  presence  of  1-2  g.  soluble  in 
cuhon  disulphide  is  weired  into  a  150-cc.  tared  Erlenmeyer  Saak,  and  100  ec.  of  c.p. 
fatbon  diaulphide  poured  into  the  flask  in  small  portions,  with  continuous  agitation 
until  all  the  lumps  disappear  and  nothing  adheres  to  the  oottom.  The  flask  is  then 
loosely  corked  and  set  aside.  From  this  point  on,  one  of  two  methods  may  be  followed, 
dependinfF  on  whether  or  not  the  bituminous  material  contains  a  substantial  quantity 
<J  finely  divided  insoluble  matter, 

pTMedure  Used  in  the  Pretence  of  SAtbslanlial  QaantUies  <4  Finely  Diiiided  InaaltMe 
Mailer.  The  flask  ia  set  aside  to  settle  for  4S  hours,  and  the  solution  decanted  into  a 
Kcond  tared  flask,  pouring  off  as  much  of  the  solvent  as  poeaible  without  disturbing  the 
residue.  The  contents  of  the  first  flask  are  again  treated  with  a  ouaotity  of  carbon 
diaulphide,  shaken  aa  before,  and  both  the  first  and  second  flasks  allowed  to  settle  for 
another  48  hours.  The  Uquids  in  both  flasks  are  then  carefully  decanted  upon  a  weighed 
Gooch  crucible  (measuring  4,0  cm.  wide  at  the  top,  tapering  to  3.2  cm.  at  the  bottom, 
■nd  2.5  cm.  deep),  carryinK  freshly  ignited  long-fibered  amphibolc  (arfteatoe)  compacted 
in  a  layer  not  over  }  in.  No  vacuum  is  to  be  used  in  filtering,  and  the  temperature  of 
the  liquid  kept  between  65  and  77°  F.  The  residue  remaining  on  the  filter  is  thoroughly 
washed  with  carbon  diaulphide  until  the  filtrate  becomea  clear.  The  flasks  are  again 
shaken  with  fresh  carbon  diaulphide,  allowed  to  settle  for  24  hours,  or  tmtil  it  is  seen 
(hat  a  ^ood  subsidation  has  taken  place,  and  thereupon  decanted  through  the  filter. 
The  residues  remaining  in  both  flasks  are  washed  until  the  washings  are  practically 
eolodess,  all  washings  being  passed  through  the  Gooch  crucible. 

Procedure  FoUowfd  mth  MaleriaU  Containing  LiOle  to  no  Findy  Divided  InmlubU 
Holler.  This  method  is  used  for  rapid  work  where  the  bituminous  material  doea  not 
contain  insoluble  matter  which  would  clog  the  pores  of  the  filter.  After  adding  the 
wtMn  diaulphide,  the  flask  is  set  aside  for  15  minutes,  whereupon  it  is  filtered  through 
*  weighed  Gooch  crucible.  The  liquid  must  be  decanted  with  care,  and  the  decantation 
■topped  at  the  first  sign  of  sediment  coming  over.  The  aides  of  the  flask  are  washed 
with  s  small  amount  of  fresh  carbon  diaulphide,  and  the  sediment  caucht  on  the  filter, 
luiiiga  "policeman,"  if  neceasa^,  to  remove  all  adhering  material.  Then  wash  residue 
oa  filter  with  carbon  disulphide  until  the  wadiings  are  colorleaa,  and  continue  the 
•uction  until  the  odor  of  caiimn  disulphide  is  scarcely  detectable.  The  outside  of  the 
crucible  is  cleaned  by  a  cloth  moistened  with  a  small  amoimt  of  the  solvent. 

In  both  procedures,  the  crucible  and  contents,  likewise  the  two  flasks  in  the  first 
method,  are  neated  for  one-half  hour  at  220°  F.,  cooled  in  a  desiccator  and  weighed. 
The  different  between  the  weight  of  the  dehydrated  material  taken  for  analysis  and  the 
veigbl  of  the  residue,  represents  the  proportion  soluble  in  carbon  disulphide.* 

■  "Standard  Teat  for  Soluble  Bitumen"  (Serial  Deagnation:  D  4-11),  A.  S.  T,  M. 
Blandards  Adopted  in  1916,  528;  A.  8,  T.  M,  Standards  1918,  630;  "Tentative  Speci- 
ficatbns  for  Asphalt  for  Use  in  Damp-proofing  and  Water-proofing"  (Serial  Designa- 
tion: D  40-17  T.),  Proc.  Am,  Soc,  Testing  Materials,  17,  Part  I,  714,  1917. 

'Foradiscussionof  the  method,  see  "A  Study  of  Certain  Methods  for  Delermining 
Total  Soluble  Bitumen  in  Paving  Materiala,"  by  S.  Avery  and  R,  Corr,  J,  Am,  Chem. 
Soc..  28,  648.  1906;  "The  Proximate  CompoaiUon  and  Riysical  Structure  of  Trinidad 
A^uialt,  with  Special  Reference  to  the  Behavior  of  Mixtures  of  Bitumen  and  Fine 
Mmeral  Matter,"  by  Clifford  Richardson,  Proc.  Am.  Soc.  Testing  Materials,  6,  509, 
'"*  "The  Determination  of  Soluble  Bitumen,"  by  Hubbard  and  Reeve,  Proc.  Am. 
'--''—-  "  ■     ■  ■      '*    ■  "The  Bitumen  Content  of  Coarse  Bituminous 

:.  Int.  Assoc.  Testing  Materials,  XXV-2,  1912. 
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The  author  finds  that  in  the  presence  of  lai|ce  quantities  of  finely  divided  iiuoluI)le 
matter,  the  method  may  be  mal«rially  shortened  by  adding  a  weighl«d  quantity  (about 
twice  the  weight  of  bituminous  material)  of  fTcsmy  ignit^,  long-fibered  amphibcile  to 
the  bituminous  substance  in  the  first  flask.  On  shakuig  with  carbon  disulphide,  the 
asbestos  serves  to  dilute  the  insoluble  matter,  preventing  the  latter  from  clogging  the 
pores  of  the  filter,  and  accordingly  reducing  the  time  of  nitration.  In  many  cases  thia 
procedure  may  be  adopted  to  good  advantage. 

The  total  weight  of  the  insoluble  matter  obtained  in  the  foregoing  teat,  includes 
both  the  non-mineral  matter  insoluble  in  carbon  disulphide,  and  the  mineral  m&tla. 
The  former  is  determined  by  igniting  the  residue  in  the  Gooch  crucible  (to  which  miut 
be  added  the  residues  remaining  in  the  flasks)  until  do  carbonaceous  particles  remain, 
leaving  only  the  mineral  ash.  Add  a  few  drops  of  ammonium  carbonate  solution  to  the 
residue,  ignite  for  a  few  minutes  at  a  red  heat,  cool  in  a  desiccator,  and  weigh.  1^1! 
loss  in  weight  on  ignition  represents  the  "non-mineral  matter  insoluble  in  caifooQ 
disulphide. 

The  residue  obtained  in  the  for^pjng  test  represents  the  mineral  constituoits. 
When  calcium  carbonate  is  present  it  is  neceasory  to  ignite  the  residue  with  ammonium 
carbonate  before  finally  wei^iing,  as  it  is  claimed  that  any  sulphur  present  in  the  i 
bituminous  material  reacts  with  the  calcium  carbonate  forming  calcium  sulphate  and 
calcium  sulphide.'  The  loss  of  any  water  of  hydration  from  clays,  etc.,  and  the  oxida- 
tion of  iron  pyrites  to  ferric  oxide,  will  alao  affect  the  results.  The  mineral  matter  may 
be  checked  by  igniting  a  fresh  sample  in  a  platinum  crucible  to  clean  ash,  adding  a  few 
drops  of  ammonium  carbonate,  re-igniting  and  weighing.  If  the  two  results  do  not 
agree,  evaporate  the  filtrate  containing  the  bituminoUB  matter  soluble  in  carbon  disul- 
phide, burn,  ignite  and  weigh  the  residue.  The  weif^t  of  the  ash  derived  from  the 
bituminous  matter  soluble  in  carbon  disulphide  shouldbe  added  to  the  ori^nal  residue 
of  insoluble  mineral  matter.  This  may  represent  M^odial  mineral  porticlee,  which 
are  not  retained  by  the  filter,  or  else  mineral  constitueals  combined  chemically  with  the 
bituminous  matter. 

Carbenes 
The  expression  "carbenes"  has  been  generally  applied  to  that  portion 
of  bituminous  substances  soluble  in  carbon  disulphide  but  insoluble  in  carbon 
tetrachloride.  This  terra  was  originally  proposed  by  Clifford  Richardson.' 
This  test  is  of  value  in  identifying  bituminous  Bubstances,  gauging  their  uni- 
formity of  supply,  for  purposes  of  factory  control,  and  as  a  criterion  of  their  , 
quality.  Certain  hard  native  asphalts  and  asphaltites,  particularly  grahamite, 
normally  contain  a  percentage  of  carbenes,  whereas  petroleum  asphalts  do  not 
show  carbenes  unless  they  are  overheated,  or  over-blown.  If  more  than  0.3 
per  cent  is  present  in  petroleum  asphalts,  their  quality  is  to  be  regarded  as 
questionable.     Carbenes  are  found  in  tars  and  pitches  in  varying  amounts.' 

This  test  is  carried  out  by  following  the  same  procedure  as  in  determining  th« 
BolubiUty  in  carbon  disulphide,  but  replacing  the  latter  with  carbon  tetrachloride.  The 
carbon  tetrachloride  must  be  free  from  carbon  disulphide,  which  niay  be  insured  b} 
distilling  it  under  a  dephlegmator,  discarding  any  distillate  below  76°  C.  The  solvent 
is  then  filtered  through  calcium  chloride,  and  any  free  hydrochloric  acid  removed  bj 
blowing  dry  air  through  it. 

'  "Analysis  of  Calcareous  Asphaltum  and  Paving  Mixtures,"  by  Prettner,  Cheio- 
Zeit.,  33,  917  and  926.  1909. 

'"Carbon  Tetrachloride  and  its  Use  as  a  Solution  for  Differentiating  Bitumeoft 
by  Qiftord  Richardson  and  C.  N.  Forrest,  J.  Soc.  Chem.  Ind.,  24,  310,  1905.  , 

'  "Some  Relations  of  the  Effect  of  Overheating  to  Certain  Physical  and  Chemi**' 
Properties  of  Asphalts,"  by  A.  W.  Hixson  and  H.  E.  Hands,  J.  Ind.  Eng.  Chem.,  9, 65li 
1917;  "The  Value  of  the  Carbene  Requirement  in  Asphalt  Specifications,"  by  ^ 
Kirschbraun,  Munic.  Eng.,  35,  349,  1909. 
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The  ciufoon  tetr&chloride  is  allowed  to  act  on  the  bituminoua  aubst&nce  oveniight, 

ire  b^R  taken  to  keep  the  vessel  in  a  dark  place  to  protect  it  from  daylight  or  sun- 

liiie.'     Ricbardaoii  proposes  blowing  a  gentle  current  of  air  through  the  aoiutioo  tn  the 

t  for  1  hour'  to  coagulate  the  insoluble  malter  and  assist  in  the  filtration.     The 

erence  between  the  percent^es  soluble  in  carbon  diaulphide  and  carbon  tetrft- 

eblortde  respectively,  repreaenia  the  per  cent  of  "carbenes." 

Solabili^  in  88°  Petroleum  Naphtha 
The  portion  soluble  in  88°  naphtha  haa  been  termed  "  petrolenes  "  by  some, 
and  "malthenes"  by  others,  whereas  the  non-miDeral  constituents  insoluble  in 
8S°  naphtha  are  generally  referred  to  as  "  asp hal tones." 

It  ia  important  that  the  petroleum  naphtha  should  be  derived  from  petroleum  com- 
posed entirely  of  open-chain  hydrocarbons,  and  test  exactly  88°  Baumf,  equivalent  to  a 
specific  gravity  of  0.63S  at  60°  F./60°  F.  At  least  85  per  cent  by  volume  should  distil 
between  95  and  150*  F.  The  densitv  and  character  of  the  naphtha  is  important,  eince 
heavy  distillates,  or  products  derived  from  petroleum  containmg  unsaturated  or  cyclic 
hydrocarbons  will  exert  a  greater  solvent  action  upon  the  bitunrunous  substance. 

This  method  is  performed  in  the  same  manner  as  for  determining  the  portion  soluble 
in  caifoon  dieulphidc,  88°  petroleum  naphtha  being  substituted  for  the  latter.  Hard 
bituminous  sumtances  should  be  powdered;  Uquid  bituminous  substancca  flowed  in  a 
thin  layer  over  the  bottom  of  the  flask;  and  Bemi-«olid  to  semi-hquid  substances  heated 
until  fluid  and  distributed  in  a  thin  layer  to  present  a  greater  surface  to  the  solvent. 
it  ia  advisable  not  to  use  a  stirring  rod,  as  this  causes  the  bituminous  substance  to 
adhere  to  the  inner  surface  of  the  flask  and  to  the  rod  itself.  The  operation  should  lake 
place  at  room  temperature,  and  away  from  the  direct  rays  of  the  sun.  The  introduction 
of  a  weighed  portion  of  long-fibercd  asbestos  to  the  solution  wiU  assist  in  its  filtration.' 

Solubility  in  Other  Solvents. 

Solvents  other  than  those  mentioned  in  the  foregobg  testa,  including  benzol,  mix- 
tures of  benzol  end  toluol,  acetone,  etc.,  are  occasionally  used  for  identifying  bituminous 
nibstances  or  to  investigate  their  adaptability  for  a  given  use.  The  extraction  may  be 
carried  out  hot  or  cold,  but  in  either  event  the  method  used  should  be  clcarlv  stated  in 
reporting  tbf  results.  If  cold,  follow  the  method  described  imdcr  the  heading  "Solu- 
bility in  Carbon  Bisulphide.  If  hot,  follow  the  method  described  for  determining 
"  Free  Carbon  in  Tars.  Hard  and  brittle  bituminous  substances  diould  be  powdered. 
Medium  and  soft  substances  should  be  mixed  with  five  times  their  weight  of  long-fibered 
amphibole  {previously  ignited)  or  ten  times  their  weight  of  20-  to  30- mesh  Ottawa  silica, 
to  prevent  the  matcrialf  using  together  in  a  solid  moss  and  retard  the  action  of  the  sol- 
vent. Where  the  hot  "extraction  is  used,  the  operation  is  continued  for  at  least  six 
hours,  and  until  no  further  loss  in  weight  is  recorded,  whereupon  the  contents  of  the 
filler  cup  are  dried  and  weighed." 


*  "The  Modem  Asphalt  Pavement,"  bv  Clifford  Richardson,  2nd  Edition,  546,  1908. 

'"The  Modem  Asphalt  Pavement,"  by  Clifford  Bichardson,  2nd  Edition,  p.  643, 

'MS;  "Laboratory  Manual  of  Bituminous  Materials,"  by  Hubbard,  let  Edition,  p.  90, 
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SubsUnces  Distilling  at  Low  TemperatureB.  Thie  method  is  adApt«d  to  cmdc  | 
pelroleutn,  tara,  creosote  oil  and  other  fluid  bituminoUB  BUbatances  distiUing  at  com-  ' 
paralively  low  t«mperaturcs.'    The  apparatus  U  set  up  a«  shown  id  Fig.  158.    Tie 


Fram  A.  8.  T.  A.  SUadudi. 

Fio.  158.— Still  for  Determining  Water. 

copper  Btill  ia  provided  with  a  removable  flanged  top  and  yoke,  which  with  a  paper 

rket  will  form  an  air-tight  joint  when  clamped  into  place.  The  thermometer  Hhould 
carefully  standardized,  as  provided  in  the  Am.  Soc.  Testing  Materials  Btandards. 
1918,  p.  727.  The  eondenser  eonsista  of  a  copper  trough  carrying  a  8traight-wBll<*l 
glaaa  lube.  The  separator^  funnel  has  a  total  capacity  of  120  cc.  with  the  outlet 
graduated  in  fifths  of  a  cubic  centimeter. 

Pour  200-500  cc.  of  the  bituminous  material  into  the  still  and  weigh.  Clamp  tlw 
top  in  place,  using  a  paper  gasket  moistened  with  lubricating  oil.  Apply  heat  witntbe 
ring  burner  supported  just  above  the  level  of  the  bituminous  material  at  the  banning 
of  the  test,  and  then  gradually  lower  it  as  the  watfr  dislils  over.  Continue  the  distiUs- 
tion  until  the  vapor  temperature  reaches  205°  C.  Collect  the  distillate  in  the  Beparatory 
funnel,  and  let  it  stand  until  a  clean  separation  of  water  takes  place.  Reaa  off  tbe 
volume  of  water,  calculate  its  weight,  and  figure  the  per  cent  present  in  the  crude 
bituminous  material.  Draw  off  the  water,  and  return  any  Ught  oil  to  the  bituminouB 
matt.er  in  the  still.     The  dehydrated  material  should  then  be  used  for  further  test*. 

'  "Standard  Methods  for  Sampling  and  Analysis  of  Creosote  Oil"  (Serial  Deag- 
nation:  D  38-18),  A.  S.  T.  M,  Standards,  Adopted  in  1918,  722. 
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Snbstancea  DlatilUng  at  High  TemperatureB.  This  method  is  adapUd  to  asphalts 
tnd  other  bitumiaous  subetancea  comparatively  free  from  volatile  conatitueata,  and 
incapable  of  distilling  without  sufferinE  decomposition. 

SubilaTtces  Ftaing  belmc  300°  F.  VMien  it  is  desired  to  determine  the  percentage 
of  Duiatiire  without  luina  the  reeidue  for  other  purposes,  a  coDvenient  method  consiata 
in  weighing  lOOg.  into  a  distilling  flask,  adding  200  cc.  of  kerosene  in  the  case  of  asphaltir 
pioducts,  or  toluol  in  the  case  of  tar  products,  and  warming  gently  under  a  reflux  con- 
deiuer  until  the  bituminous  siibatance  mixes  with  the  solvent.  Cool,  add  a  ({uantity 
of  dry  pumice'^tone  to  prevent  bumping,  and  distil  into  a  graduate  until  the  liquid  comes 
ovH'  clear.  The  distillate  is  then  allowed  to  settle  by  gravity,  and  the  volume  of  water 
read  off  directly;  or  else  the  water  may  be  withdrawn  with  a  pipett«,  and  weighed. 
Tliig  method  is  said  to  be  accurate  to  approximately  0.033  g.  ot  water  per  100  cc.  of 
toluol  or  kerosene  present  in  the  distillate.' 

Where  the  hydrated  material  is  to  be  used  for  further  examination,  25  ^.  are  weighed 
into  an  Erlenmeyer  flask,  through  which  a  current  of  diy  illuminating  gas  is  passed,  and 
muntaincd  at  105°  C.  for  1  hour.  The  vapors  are  led  through  a  return  condenser 
ni&intained  at  50°  C,  and  then  into  a  weighed  calcium  chloride  tube.  When  all  the 
moisture  is  driven  off,  the  calcium  chloride  tube  is  rcweighed  and  the  moisture  calcu- 
lated. If  constituent^  are  present  volatilizing  below  SO"  C,  the  return  condenser 
■hould  be  maintained  at  a  corresponding  lower  temperature. 

Suhslaiuxs  Fuxing  above  300"  r.  In  this  case  the  material  is  comminuted  by  powder- 
'Of  (to  about  GO  mesh)  or  shaving,  and  a  weighed  quantity  spread  in  a  thin  layer  on 
i^  and  maintained  in  an  oven  at  125°  C.  for  1  hour,  or  until  the  weight  becomes 
f^>nBlant.  If  the  substance  is  oxidizable  in  air,  it  should  be  heated  in  an  atmosphere  of 
illuminating  gas.     Cool  in  a  desiccator,  rewei^  and  calculate  the  per  cent  moisture. 

OzTgen  in  Non-MinerRl  Matter 
There  being  no  satisfactory  direct  method  for  determining  oxygen,  it  ia 
Computed  by  subtracting  the  sum  of  the  percentages  of  hydrogen  (p.  120), 
carbon  {p.  120),  nitrogen  (p.  340),  sulphur  (p.  1112),  water  and  ash  from  iOO 
per  cent.  The  result  so  obtained  is  affected  by  all  the  errors  incurred  in  the 
other  determinations,  and  especially  by  the  change  in  weight  of  the  ash-forming 
eoDfitituents  on  ignition.  Iron  pyrites  will  absorb  oxygen  from  the  air  and 
change  to  ferric  oxide,  increa^iing  the  weight  of  a-sh,  and  thereby  causing  a 
negative  error  in  the  oxygen,  equivalent  to  three-eighths  of  the  pyritic  sulphur. 
Any  calcium  carbonate  present  will  tend  to  absorb  sulphur  combined  with  the 
bituminous  constituents.  On  the  other  hand,  there  is  always  a  loss  on  ignition 
if  "water  of  composition"  from  the  clayey  and  sbaley  constituents,  also 
carbon  dioxide  from  carbonates,  etc.,  which  tend  to  compensate  for  the  ab- 
sorption of  oxygen.' 

■ "  Methods  for  the  Determination  of  Water  in  Petroleum  and  its  Products, "  by 
I.  C.  Allen  and  W.  A.  Jacobs,  Tech.  Paper  25,  Dept.  of  Interior,  Bureau  of  Mines, 
Wash.,  D.  C,  1912. 

'"Standard  Methods  for  Laboratory  Sampling  and  Analysis  of  Coal"  (Serial  Desig- 
nuion:  D  22-16),  A.  S.  T.  M.  Standards,  1918,  679. 
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Fre«  Carbon  in  Tare 

This  represents  an  adaptation  of  tlie  carbon  dieulpliide  method  Buitable  for 
testing  tars  aiod  pitches  for  the  presence  of  non-mineral  matter  insoluble  in 
hot  toluol- benzol,  which  has  been  found  the  most  Batisfactory  menstruum  for 
this  purpose.' 

The  apparatus  used  was  devised  by  H.  J.  Caiy-Curr  and  is  illustiated  in  Fig.  1S9, 


Fram  A.  S.  T.  A.  Btandaidh 
Fio.  159.— Carj-Curr  Extraction  Apparatus. 

The  filtering  medium  may  consist  either  of  a  paper  Uumble  or  two  thickneaws  of 
Schleicher  &  Schuell'a  No.  575  hardened  filter  paper,  15  em.  in  diamet«r,  arran^d  ir» 
the  shape  of  a  cup  by  folding  symmetrically  around  a  stick  1  in.  in  diameter.  It  should 
be  soaked  in  benzol  to  remove  any  grease,  dried  in  an  oven,  dcsjccated  and  weighed' 

Tars  must  be  dehydrated  before  extracting,  and  pitches  If  sufficiently  hard,  ground- 
to  a  fine  powder.  In  testing  materials  containing  more  than  5  per  cent  of  free  carbon  « 
5  g.  should  be  used,  and  10  g.  with  smaller  percentages.  Weigh  a  suitable  amount  in  ^ 
100-cc.  beaker  and  digest  with  50  cc.  c.p.  toluol  on  a  steam  bath  with  constant  stirring 
for  not  exceeding  30  minutes.  Place  the  prepared  filler  paper  in  a  carbon  filter-tuMT' 
and  decant  the  toluol  extract  through  it.  Wash  with  hot  c.p.  toluol  until  the  filtrate? 
is  clear,  using  a  "policeman"  unaffected  by  toluol  tor  detacliin)?  any  free  carbon  ad- 
hering to  the  beaker.  Finally  wash  the  filter  with  hot  c.p.  benzol,  and  after  draininft, 
cover  it  with  a  cap  of  filter  paper  or  alundum  ware,  and  extract  it  in  the  apparatus  witb 
c.p.  benzol  until  the  drippings  become  colorless.  This  will  take  at  least  2  hours.  Th^ 
filter  is  then  removed,  the  cap  taken  off,  the  paper  dried  in  a  steam  oven,  cooled  in  ^ 
desiccator  and  weighed.  With  pitches  it  is  well  Ui  examine  the  free  carbon  for  foreign 
matter,  such  as  wood  ilivers,  pieces  of  bag^ng,  etc.  If  such  foreign  matt«r  is  present, 
the  test  should  be  rejected. 

Solid  Parafflnes 

The  following  method  does  not  give  absolute  figures,  since  it  merelv  discloses  the 
paraffine  hydrocarbons  which  are  aolui  at  room  temperature,  without  taking  the  liquid 
paraffines  into  consideration;  nevertheless  the  results  are  of  value  for  purposes  of 
comparison.*    Weigh  50  g.  of  the  material  in  a  tared  6-oi.  glass  retort,  and  slowly  distil       i 

'  "Free  Carbon,  Its  Nature  and  Determination  in  Tar  Products,"  bv  J.  M.  Weia, 
J.  Ind.  Eng.  Chem.,  6,  279,  1914;  "Some  Effects  of  Certain  Solvents  on  Tars  in  the 
'Free  Carbon'  Determination,"  by  G.  8.  Monroe  and  H.  J.  Broderson,  J.  Ind.  Eng. 
Chem.,  9,  1100   1917. 

'  "The  Modem  ABpball  Pavement,"  by  Clifford  Richardson,  2nd  Edition,  558,  Ifl08; 
"Untersuchung  der  Kohlenwasseistoflole  und  Fette,"  by  D.  Holde.  Berlin,  45,  1913; 
"Laboratory  Manual  of  Bituminous  Materials,"  by  Prfvost  Hubbard,  N.  Y.,  100, 1916. 
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vntSk  nothiog  but  a  reddue  of  coke  remains.  The  diatiUation  should  take  in  the  neigh' 
borhood  of  45  minutee  from  the  time  the  first  drop  cornea  over.  The  distillate  is 
uught  in  an  Erleomeyer  Sask,  and  weighed.  Either  5  or  10  g.  of  the  well  mixed  distil- 
l»t«,  depending  upon  the  quantity  of  soBd  paraffines  present  in  the  crude  material,  arc 
transferred  into  a  large  test  tube  and  dissolved  in  25  cc.  of  absolute  ethyl  ether  and 
25  cc.  of  absolute  ethyl  alcohol.  A  similar  mixture  containing  25  cc.  each  of  ether  and 
alcohol  is  made  up,  and  this  together  with  the  oil  solution  is  cooled  separately  to  exactly 
0'  F.  for  i  hour  in  a  mixture  of  ice  and  salt  (to  which  if  necessary  calcium  chloride  may 
le  added).  TTie  oil  solution  is  then  rapidly  filtered  through  a  weighed  Gooch  crucible, 
amilarly  maintained  at  0°  F.  by  a.  jacket  of  ice  and  salt^  and  washed  with  50  cc.  of  the 
««led  ether-alcohol  mixture.  A  simple  and  convenient  apparatus  eonsists  of  an 
inverted  bottle  6  in.  in  diameter,  having  the  bottom  cut  off,  and  attached  to  the  same 
nibber  stopper  which  supports  the  funnel  holding  the  Gooch  crucible.  The  space 
t>etween  the  bottle,  the  crucible,  and  the  supporting  funnel  ia  packed  with  the  ice  and 
olt  mixture.  The  Gooch  crucible  is  then  removed,  the  outside  wiped  clean,  placed  on  a 
lared  glass  and  dried  in  an  oven  at  80°  C.  until  the  last  tracea  of  ether  and  alcohol  are 
faporated.  The  residue  is  weighed,  and  the  percentage  of  solid  paraffines  calculated 
la  the  original  50  g.  of  substance  taken  for  analysis. 

Sulphonation  Residue 

The  method  of  determining  the  sulphonation  residue  as  proposed  by  Dean  &  Bate- 
"'AQ,'  consists  in  distilling  sutGcicnt  of  the  material  under  examination  by  the  flask 
Method  to  obtain  at  leaat  10  cc.  of  distillate  between  315  and  355°  C.  Exactly  10  cc. 
^  thia  fraction  are  measured  into  a  Babcock  milk  bottle,  and  40  cc.  of  37  normal  sul- 
pburic  aeid  added,  10  cc.  at  a  time.  The  bottle  and  its  contents  are  shaken  for  2  minutes 
^ter  each  addition,  and  when  all  the  acid  haa  been  added,  the  battle  is  kept  at  a  constant 
l^niperature  of  98-100°  C.  for  one  hour,  during  which  it  is  shaken  vigorously  every 
lU  minutes.  At  the  end  of  the  hour,  the  bottle  ia  removed,  cooled^  filled  to  the  tap  of 
"'C  graduations  with  ordinary  sulphuric  acid,  and  whirled  for  5  minutes  in  a  Babcock 
*Pajator.  The  unsulphonated  residue  multiplied  by  2  gives  the  per  cent  by  volume 
'"'^ctly  (each  graduation  being  equal  to  1/200  of  a  cc). 

It  IS  important  that  the  acid  should  be  of  the  proper  strength.  A  mixture  of  fuming 
'^phuric  acid  and  ordinary  concentrated  sulphuric  acid  should  be  prepared  to  contain 
exactly  80.07  per  cent  of  SO,,  which  constitutes  37  normal  acid,  if  the  sulphonation 
l^tidue  is  dark  in  color,  it  should  be  treated  with  an  excess  of  a  10  per  cent  sodium 
'■^dryxide  solution,  and  if  completely  soluble  in  this  reagent,  the  test  is  negative. 

Unsaponifiable  and  SKpomfiable  Matters 
Certain  bituminous  substances,  such  as  montan  wax,  rosin  pitch,  and  fatty- 
^cid  pitch  are  often  composed  largely  of  eaponifiable  constituents.  Others, 
'^eluding  pine  tar,  pine-tar  pitch,  hardwood  tar,  hardwood-tar  pitch,  peat  tar, 
''Bnite  tar,  bone  tar,  bone-tar  pitch  and  others  forms  of  fatty-acid  pitches- 
<^QtaiD  smaller  percentages.  This  test  is  also  used  for  gauging  the  uniformity 
Qf  supply,  and  in  the  case  of  fatty-acid  pitches,  as  a  criterion  of  the  quality. 

The  following  procedure  haa  been  devised  by  the  author  for  specifically  examining 
EHluminous  materials  or  admixtures  of  bituminous  materials  with  animal  or  vegetable 
Oils  and  fats,  since  the  customary  methods  do  not  adapt  themselves  especially  well, 
i\le  to  the  formation  of  troublesome  emulaions.  The  bituminous  material  is  first  freed 
from  insoluble  constituents,  including  any  mineral  matter,  by  boiling  with  carbon 
diaulphide  under  a  reflux  condenser,  cooling  and  filtering  through  a  Gooch  crucible. 

'  "The  Analy»8  and  Grading  of  Creosotes,"  Forest  Service  Circular  112,  Wash., 
D.  C;  "Modification  of  the  Sulphonation  Test  for  Creosote,"  Foreet  Service  Circular 
m,  Wash.,  D.  C;  "Methods  for  Testing  Coal  Tar  and  Refined  Tars,  Oils  and  Pitches 
Derived  Therefrom,"  by  S.  R.  Church,  J.  Ind.  Eng.  Chem.,  3,  233,  1911;  5,  196,  1S13; 
"Paraffin  Bodies  in  Coal  Tar  Creosote  and  their  Bearing  on  Specifications,"  by  S.  R. 
Cluirch  and  J.  M.  Weiss,  J.  Ind.  Eng.  Chem.,  ft,  390,  1914. 
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The  insoluble  constituents  are  dried  at  100°  C.  and  weighed.  Sufficient  of  the  iMtom- 
Idous  substance  should  be  tsiien  to  yield  approximately  5.0  g.  of  extract.  The  beutfl 
solution  is  evaporated  or  distilled  to  50  cc.  and  50  cc.  of  the  sfkpoDifytD^  liquid  added 
from  a  pipette.  This  should  consist  of  a  10  per  cent  solution  of  caustic  potash,  me* 
pared  by  dissolving  100  ^.  of  anhydrous  potasn  in  500  cc.  of  95  per  cent  ethyl  alcOAOl, 
and  diluting  to  a  utre  with  90  per  cent  benzol.  The  liquid  is  allowed  to  Btond  o*«- 
night  to  permit  any  carbonate  to  settle,  and  the  clear  solution  decanted.  After  the 
saponifying  agent  is  added,  the  mixture  is  boiled  under  a  reflux  condenser,  for  {-1  hour, 
iind  the  contents  of  the  flask  while  still  warm  poured  in  a  scparatory  funnel  containiiu 
150  cc.  of  boiling  water  and  25  cc.  of  a  10  per  cent  solution  of  potassium  chloride.  Ada 
250  cc.  of  benzol,  agitata  vigorously,  and  allow  the  funnel  to  rest  quietly  in  a  warm  pbce 
until  the  solvent  separatee.  If  an  emulsion  forms  which  refuses  to  separate  on  stMMingi 
add  200  cc.  more  benzol  and  100  cc,  95  per  cent  ethyl  alcohol  and  stolid  in  a  warm  place 
overnight.  Iliis  will  invariablv  e^cct  a  more  or  leas  complete  separation  of  the  eolvoit 
From  this  point  on  the  method  is  illustrated  by  the  following  taoular  outline: 


a  described: 


n  the  separatory  funnel. 


Aqueous  Soap  Solution. 
Exhaust  with  200  cc.  portions  ot  beniol. 

Beniol  Layer. 

Intermediate  Laya. 

Aqueous  Soap 
Solution. 

Extracts. 

Combine  and  exhaust  with  100  cc,  portions 

of  50%  alcohol. 

Ben»3l  Solution. 

Combined  Alcoholic 

Extracts. 

Combine  and  exhaus 

ComWned^  Benzol 
Extracts. 

t  with  benzol. 

Alcoholic  Soap  Solu- 
tion. 

Combine,  evaporate  to  a  small  bulk,  com- 
plete the  evaporation  at  100°  C,  cool 
and  weigh  the  Unsaponijiable  ContlUu- 
tnU. 

—Combine— 


Transpose  with  dilute  hydrochloric  acid,  warm  and  exhaust  with  beniol.  SeparftK 
the  aoueoUB  solution  containing  the  glycerol  and  mineral  salts.  Evaporate  ^e  coii>~ 
bined  oencol  extracts  to  a  small  bulk,  and  then  complete  the  evaporation  of  solvent  tX 
100°  C.  Cool  and  weigh.  Weight  equals  the  /ree  addt  derived  from  the  saponifiabl' 
eoTMlUuents. 


or  less  completely  saponiflabl^v 
;  the  process  will  simplify  ita^^ 
.he  unsaponifiable  constituec**^ 


In  the  case  of  bituminous  materials  that  are  more 
the  intermediate  layer  is  apt  to  be  absent.  In  this  cai 
considerably.  The  foregomg  procedure  will  separate 
in  practically  an  ash-free  state. 

Diazo  Reaction 

This  test  is  used  for  identifying  bituminous  substances  carrying  pheno'^f 
including  wood  tar  and  wood-tar  pitch,  oil-gas-  and  water-gaa-tara  and  pitcli^^' 
shale  tar,  peat-  and  lignite-tars  and  pitches,  bone  tar,  bone-tar  pitch  and  t-^^ 
various  coal-tar  pitches. 

This  reaction  was  devised  by  E.  Graefe.'    It  is  carried  out  by  boihng  2  g.  of  the 

'  "Distinction  between  Lignite  Pitch  and  other  Pitches,"  Ghem.  Zeit.,  38,  ^^' 
1906;  Marcusson  and  Eickmann,  Chem.  Zeit.,  32,  965,  1908. 
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bituminous  substance  with  20  cc.  ti.  aqueous  cauitic  Boda,  for  approximate! v  5  minutes. 
After  cooling,  the  liquid  is  filtered.  If  the  fillnilc  is  dark  colored,  it  may  be  lightened 
by  adding  finely  pulverized  "salt."  It  la  then  cooled  in  ice,  and  a  few  drops  of  freshly 
prepared  diazobcnzolchloride  solution  (prepared  by  treating  anilin  with  hydrochloric 
Bcid  and  sodium  nitrite)  added.  If  phenols  are  present  a  reti  coloration  will  result, 
sometimes  accompanied  by  a  reddish  precipitate. 

Assuming  that  the  bituminous  aubetancc  gives  the  diazo  reaction,  the  question  will 
often  arise  whether  the  product  is  a  straight -distilled  pitch,  or  an  asphalt  "cut-back" 
with  n  high  boiling-point  distillate  containing  phenolic  bodies,  derived  from  coal  tar, 
lignite  tar,  etc.  Marcusson  has  worked  out  a  method  applicable  under  these  cireum- 
Btances,'  which  conaists  in  dissolving  10  g.  of  the  bituminous  substance  in  15  cc.  of 
beniol^  and  pouring  the  solution  into  200  cc.  of  88°  petroleum  naphtha.  The  resulting 
precipitate  is  washed  with  petroleum  naphtha  ana  dried.  It  is  then  boiled  for  15 
minutes  with  N/2  alcoholic  caustic  potash  under  a  reflux  condenser  to  extract  the  phe- 
nols. The  Uquid  is  cooled  and  filtered,  the  alcohol  evaporated,  and  the  residue  dis- 
solved in  water.  Bodium  chloride  is  added  to  clarify  the  liquid  and  remove  any  sub- 
stances imparting  a  dark  color,  the  solution  is  filtered  and  the  filtrate  treated  for  the 
diazo  test  described  above.  If  a  straight  distilled  pitch  containing  phenols  is  present,  a 
positive  reaction  will  be  obtained.  If  the  original  substance  gives  the  diazo  test,  but 
the  residue  treated  in  the  above  way  does  not,  then  the  admixture  of  high  boiling-point 
oils  containing  phenolic  bodies  wtlh  a  substance  free  from  phenols  (e.g.,  asphalts,  etc.) 
is  established.     The  presence  of  10  per  cent  asphaltic  substances  maybe  detected. 

Where  bituminous  substances  contain  calcium  carbonate,  the  phenolic  bodies 

S resent  combine  with  the  lime,  forming  insoluble  calcium  phenolate  which  yields  but  a 
lint  diazo  reaction.  However,  on  treating  such  substances  with  a  solvent  in  the 
presence  of  hydrochloric  acid,  the  calcium  phenolate  is  decomposed,  and  the  diazo 
reaction  becomes  much  more  delicate. 

Anthraquinone  Reaction 
The  anthraquinone  reaction  is  used  for  detecting  anthracene  in  tar  products 
produced  at  high  temperatures,  including  oil-gas-tar  and  pitch,  water-gas-tar 
and  pitch,  and  the  various  coal-tar  pitches. 

The  tar  or  pitch  is  first  subjected  to  distillation  in  accordance  with  the  retort  method, 
the  offtake  and  condensing  tube  being  kept  warm  to  prevent  the  accumulation  of  any 
solid  distillate.  The  distiilBtc  passing  over  between  270  and  355"  C.  is  caught  separ- 
ately and  examined  for  anthracene  in  the  following  manner.  The  fraction  is  heated 
until  it  is  thoroughly  fluid  to  secure  a  uniform  sample,  and  5  g.  weighed  out,  while  hot. 
After  cooling,  10  cc.  of  absolute  ethyl  alcohol  are  added,  the  solids  allowed  to  crystallize 
uid  the  liquid  decanted.  The  sohd  substances  containing  the  anthracene  are  dried  on  a 
water  bath,  transferred  to  a  500-cc.  fiask  connected  with  a  return  condenser,  45  cc.  of 
glacial  acetic  acid  added,  and  the  contents  boiled  for  2  hours.  The  following  mixture  is 
then  added  drop  by  drop  through  a  separatory  funnel,  viz.:  15  g.  of  anhydrous  chromic 
arid  dissolved  in  10  cc.  of  glacial  acetic  acid,  and  10  cc.  of  water.  The  boijing  is  con- 
tinued for  another  2  hours,  the  flaak  cooled,  and  400  cc.  cold  water  added.  This  treat- 
ment oxidizes  the  anthracene  to  anthraquinone,  which  on  cooling  separates  as  a  solid 
mass.  This  is  filtered,  washed  with  hot  water,  then  with  a  hot  1  per  cent  solution  of 
caustic  soda  and  again  with  hot  water.  The  residue  of  anthraqumonc  is  then  dried 
and  its  weight  multiplied  by  0.8-56  to  obtain  the  corresponding  weight  of  anthracene. 
ProD)  0.25  to  0.75  per  cent  of  anthracene  is  found  in  cool  tars,  and  a  corresponding  larger 
percentage  in  coal-tar  pitches. 

A  color  reaction  for  establishing  the  presence  of  anthracene  consists  in  boiling  the 
crystals  of  anthraquinone  with  zinc  dust  and  caustic  soda  solution,  whereupon  an 
intense  red  colored  solution  is  obtained,  which  on  filtering  becomes  decolorized  by  air. 

'  Cbem.  Rev.  Fett-und  Harz-Ind.,  18,  47,  1911. 
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DISTINGUISHING  CHARACTERISTICS  OP  BITUMINOUS  SUBSTANCES 
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PART  II 

EXAMINATION   OF   BITUMINIZED  MINERAL  AQGREGATES 

Products  falling  into  this  class  include  native  and  artificial  mixtures  of 
bituminous  matter  with  mineral  aggregates,  viz.:  bituminous  macadam  pave- 
ments, bituminous  concrete  pavements,  sheet  asphalt  pavements,  aspbalt 
block  pavements,  asphalt  mastic  floorings,  bituminous  expansion  joints  (con- 
taining mineral  matter  but  not  felt),  pipe-sealing  compounds,  moulding 
compositions  and  products  used  for  electrical  insulation, 

PHYSICAt  TESTS  OF  niHSHED  PRODUCT 

Tensile  Strength.  The  following  tentative  test  has  been  proposed  for  moulded 
insulating  muterialH,'  but  may  also  be  adapted  to  testing  the  surface  course  of  sheet 
asphalt  pavements,  asphalt  mastic  floorings,  expansion  joints  (not  containing  fabric), 
pipe-sealing  c«mpoundB,  ete.  The  specimen  is  cast  under  pressure  to  obtain  lie 
greatest  possible  density,  in  a  hardened  and  ground  st«el  mould  of  the  dimeosionB  abowD 
m  Fig.  160,  then  immersed  in  distiUed  water  for  48  hours  at  77°  F.,  removed,  wiped 


*.a^ 


Fig.  160. — Mould  for  Ascertaining  the  Tensile  Strength  of  BituminiBed  Aggregates- 


dry  and  pulled  apart  on  any  standard  testing  macliine  in  air  at  77°  F.,  at  a  speed  lb*' 
will  enable  the  beam  to  be  well  balanced.  The  resuilfl  of  the  test  shall  be  report«<l  I" 
the  following  order,  viz.:  the  breaking  load  in  kilograms  or  pounds;  the  tJiickneee  >" 
ir  inches  as  measured  by  a  micrometer  at  the  point  of  fracture;  theultim*'* 
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centimetetB  or  inches  per  minute  at  which  the  jawe  travel  during  the  test.    Three  such 
Icata  diould  be  averaged. 

CompreuiTe  Strength.     This  teat  has  likewise  been  proposed  for  moulded  insulating 

msterialB,'  and  is  adapt«d  to  dl  bituminized  mineral  aggregates  in  which  the  particles 
dn  nn*  m™.-.i~  ™.^[.  J  in.  in  diameter.     A  1-in.  cube  a  moulded  under  pressure  ir  " 


hardened  steel  mould  to  attain  the  greatest  possible  density,  and  immersMi  in  distilled 
water  .at  77°  F.  tor  48  hours.  Wipe  the  surface  dry  and  place  sheets  of  lead  A  '". 
Ihirk  both  above  and  below  the  specimen  to  adjust  irregularities.  Any  standard 
testing  machine  may  be  used,  and  the  load  shall  be  applied  at  such  a  rate  of  speed  as 
will  permit  the  beam  to  be  kept  well  balanced.  The  results  of  the  test  shall  be  reported 
■s follows,  viz.:  the  dimensions  of  the  specimen  in  millimeters  or  inches;  the  breaking 
load  in  kilograms  or  pounds  at  the  first  sign  of  failure;  the  average  ultimate  compressive 
strength  in  kilograms  per  square  centimeter  or  pounds  per  square  inch,  calculated  from 
■he  measured  area  of  the  soecimen  before  the  load  is  applied;  the  speed  in  centimeters 
or  inches  per  minute  at  wnich  the  jaws  travel  during  the  teet.  Inree  such  tests  are 
averaged. 

bupact  Test.  This  teat  was  originalljr  devised  by  L.  W.  Page  for  testing  the  tou^- 
ncss  of  rock  for  road  building,*  having  since  been  adapted  bv  Richardson  for  teatmg 
bituminous  aggregates.'  The  bituminous  mixture  is  heated  to  the  lowest  possible 
temperature  that  will  permit  it  being  manipulated,  and  formed  by  compression  into  a 
cylinder  25  mm.  high  by  24-25  mm.  in  diameter,  the  ends  of  which  shall  be  plane 
surfaces  at  right  angles  of  its  axis.  Tfae  hot  bituminous  mixture  is  compressed  in  a 
hollow  cylindrical  steel  mould,  24-25  mm.  in  diameter  by  50  mm.  loi^,  having  an 
Mcurately  fitting  steel  plunder.  The  mould  is  loosely  filled  with  the  hot  bituminous 
mixture  and  compressed  with  the  plunger  by  sharp  blows  of  a  heavy  hammer  from  the 
liquid  bottom  respectively,  until  it  is  thoroughly  compacted.  The  cylinder  of  bitum- 
inous material  is  then  knocked  from  the  mould  and  sawed  off  or  ground  down  until  it 
measureH  exactly  25  mm.  high.  The  density  of  the  specimen  should  be  noted  and 
reported.  It  shall  be  maintained  in  water  at  77°  F,  for  ^  hours,  wiped  dry,  and  tested 
in  air  at  a  temperature  of  77°  F.  on  any  form  of  impact  machine  which  will  comply  with 
the  fallowing  essentials: 

(a)  A  cast-^ron  anvil  weighing  not  lees  than  50  kg.  firmly  fixed  upon  a  solid  foundi^ 

(b)  A  hammer  weighing  2  kg.  arranged  to  fall  freely  between  suitable  ^des. 

(e)  A  plunger  of  hardened  steel  weighii^  1  kg.  arranged  to  slide  freely  in  a  vertical 
difection  m  a  sleeve,  the  lower  end  of  the  plunger  being  spherical,  wilA  a  radius  of 

(d)  Means  for  raising  the  hammer  and  dropping  it  upon  the  plunger  from  any  speci- 
fied height  from  1  to  not  less  than  75  cm. 

'  )  Means  for  holding  the  cylindrical  teat-specimen  securely  on  the  anvil  without 


ripdUter 


support,  and  under  the  plunger  in  such  a  way  that  the  centre  of  its  upper 
I,  Ihroughoi: '  ...        .     ■    i    ..  i    c  .>       ,...:.. 


aurface  shall,  throughout  the  t«st,  be  tangent  to  the  spherical  end  of  the  plunger  ai 
kmest  point. 

The  test  shall  consist  of  a  1  cm.  fall  of  the  hammer  for  the  first  blow;  a  2  cm.  fall 
for  the  second  blow;  and  tui  increaae  of  1  cm.  for  each  succeeding  blow,  until  failure  of 
ttK  teat  specimen  occurs.  The  number  of  blows  required  to  shatter  the  test-piece 
ia  taken  to  represent  the  tou^ness,  three  such  tests  being  averaged.  Teste  are  per- 
tonned  at  three  tempcratures^vii. ;  32°  F.,  77°  F.  and  115°  F. 

Dirtortion  under  Heat.  This  teat  is  applicable  to  bituminized  mineral  aggregates 
wboae  particles  do  not  exceed  }  in.  in  diameter.  The  material  shall  be  compressed  to 
the  peatest  possible  density  in  a  hardened  steel  mould,  ground  so  its  internal  dimenmons 
«ill  measure  )  in.  by  i  in.  by  6  in.' 

'"Tentative  Tests  for  Molded  Insulating  Materials"  (Serial  Designation:  D  48- 
17  T),  Proc.  Am.  Soc.  Testing  Materials,  20.     Part  I,  777,  1S20. 

'BuUetin  No.  79,  Bureau  of  Chem.,  U.  S.  Dept.  of  Agr.,  Wash.,  D.  C;  Bulletin 
Ko.  44.  Office  of  PubUc  Roads,  U.  S.  Dept,  of  Agr.,  Wash.,  D.  C.  June  10,  1912. 

'  "The  Modem  Asphalt  Pavements,''  2nd  Edition,  1908.  pp.  428  and  585, 

<  "Tentative  Teste  for  MoMed  Insulating  Materials"  (Serial  Dedgnation:  D  48- 
17  T),  Proc.  Am.  Soc.  TesUng  Materials,  17,  Part  I,  703,  1918. 
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The  apparatus  used  for  this  purpose  ie  inu?tratM  in  Fig.  161,    The  ip 


Maxtwum  Recording  Thermometer 

■ — T"^ 1     Micrometer  p 

6age  ' 


No.  4 


From  A.  B.  T.  M.  Tent.  SlaotUnls. 

Fig.  161. — Apparatus  for  Hecording  Distortion  of  Bituminized  Aggregates  under  Eest, 

should  rest  on  steel  supports  100  mm.  apart,  and  the  load  applied  on  top  of  the  spKi' 
men  vertically  and  midway  between  the  supports,  as  in  the  transverse  streneth  tot. 
The  machine  shall  be  arranged  to  apply  two  diiTerpnt  loads,  viz.:  2.5  kg.  and  5.0  tf- 
The  specimen  is  plaoed  in  an  air  bath  surrounded  by  an  oil  bath,  the  temperatuit  of 
which  is  increased  at  a  rate  ot  exactly  1  °  F.  per  minute.  The  deflection  of  the  epecimen 
at  its  center  between  the  supportB  is  measured  on  a  scale  in  millimeters  or  mifc.  IT* 
distortion  point  shall  be  considered  the  temperature  at  which  the  specimen  has  deflected 
10  mils.  The  results  of  the  test  are  reported  as  follows,  viz.:  the  distortion  point  in 
degrees  F.;  the  time  required  tor  the  specimen  to  deflect  10  mils  starting  at  77°  F.J 
curves  are  plotted,  showini;  the  minutes  horizontally,  and  the  corresponding  deflect)OD> 
alao  the  temperature  at  given  intervals  vertically. 


SBPAKATION    OF   FINISHED   PRODUCT   INTO   ITS   COMPONENT  PAKTS 
Separation  of  the  BituminouE  Hatter  and  Mineral  Aggregate 

Bituminized  aggregates  are  separated  into  their  bitimiinouB  and  mineral  oompcoOiU 
for  the  combined  purposes  of  ascertaining  the  percentt^  and  nature  of  the  minsil 
constituents,  and  for  examining  the  physical  and  chemical  characteristics  of  the  1^ 
tuminous  binder,  with  the  abject  of  its  identification  or  duplication.  Two  methods  tie 
used,  including  the  hot  extraction  process  devised  by  Forrest,  and  the  centritujrf 
extraction  method. 

Forrest's  Hoi  Exlraclum  Melkod.  The  bituminous  mixture  should  first  be  wsrmeA 
until  it  may  be  broken  apart  without  fracturing  the  mineral  particles.    "Hie  extnctinK 
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ii  performed  in  an  apparatus  illustrated  in  Fig.  162,  coosisting  of  a  cylindrical  braae 

r- -n— It  ■    —   ■ 


FroD  A.  8.  T.  M.  Proe. 
Fio.  162. — FMKSt's  Hot-extraction  Apparatus. 

JMket  nuTOunding  an  incondeecent-light  bulb  to  supply  the  necessary  heat,  and  en- 
ckatng  a  brass  vessel  for  holding  the  solvent,  which  in  turn  carries  a  cylindrical  basket 
MmpMed  of  80  mesh-wire  clolh  for  retaining  the  sample.  Cold  water  is  circulated 
thriMigh  the  inverted  conical  condenser,  which  also  serves  to  cover  the  apparatus. 
Weigh  out  500  g.  of  material  if  the  mineral  particles  are  coarser  than  }  in.,  or  300  g. 
if  Ihey  are  finer  than  J  in.  Place  it  in  the  basket  and  cover  with  a  pad  of  cotton  or 
fdt  i-i  in.  thick.  Pour  175-200  cc.  of  carbon  diaulphide  into  the  inner  vessel,  insert 
the  cover  and  start  the  extraction  by  turning  on  the  incandescent  Ught.    The  ei 


mi  by  filtering  ti 


rough  the  SO-mesh  sieve  constituting  the  basket  a.. 

X  throu^  a  weii^ed  asbestos  Gooch  filter,  washed  clean  with 


matter  is  to  Be  separated  in  a  pure  stale  for  further  examination.  An  alternate  method 
eaosMa  in  measuring  the  extract  in  a  eIbss  graduate,  thorou^y  agitating  it  and  pauring 
la  aliquot  [wrtion  into  a  tared  crucible  or  dish,  evaporating  the  solvent,  burning  the 
nsdue  and  lEniting  to  ash.  The  fine  mineral  matter  present  in  the  entire  extract  may 
be  calculated  from  the  ash  derived  from  the  portion  ignited.  The  total  should  be 
tdded  to  the  coonei  mineral  aggregate  previously  separated,  to  arrive  at  the  percentage 
maent.' 

*  "Extractor  for  Bituminoua  Paving  Mixtures,"  by  C.  N.  Forrest,  Proa.  Am.  Soc. 
Toting  Materials,  13,  1069,  1913. 
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:  Cenlrifugal  Method.  The  moat  efficient  apparatus  of  tlus  type  wu  deeigned  bj 
C  S.  R«eve,'  as  illustrated  in  Fis.  163.  It  conaiste  of  a.  1/5  h.p.  vertical  motor  a, 
capabfe  of  making  1100  revolutions  per  minute  at  110 
volta,  with  either  direct  or  alternating  curreDt.  Its  diaft 
proje[;ts  into  a  cylindrical  copper  vessel  b,  having  a  coo- 
cave  txXtom  ana  draining  into  the  spout  c.  A  oreiilai 
brass  plate  d,  9i  in.  in  diameter  BUjiportB  an  inverted  iron 
bowl  e,  8J  in.  in  diameter  by  2^  in.  high,  having  a  2  in. 
circular  hole  at  the  top.  A  brass  cup/  is  fastened  to  the 
inner  side  of  the  bowl,  having  a  circle  of  ^  in.  holes  for  the 
admission  of  solvent,  and  terminating  m  a  hollow  axle 
which  fits  snuglv  throu^  a  hole  in  the  center  of  the 
brass  plate  d.     A   felt  rmg  g,  1  in.  wide  and  about  0.000 

^_  in.  thick  (cut  from  No.  80  roofing   felt)  is  firmly  preaaed 

B^^   !«■)  _/^™.^f..™i  p-    against  the  bowl   by  the  miUed  nut  A  for  which  the. 
Fig.  163.-Centnfug?l  Ex-  ^^^  ^^  ^  ^^^^Jy  threaded.    The  axle  in  tun  fits 
•J^ctor,  snugly  over  the  shaft  of  the  motor,  to  which  it  is  secured 

;'  by  B  slot  and  cross-pin. 

Weigh  300-500  ,g.  of  the  bituminous  mixture,  broken  up  as  weviously  dcMribed, 
into  the  Dowl  e,  place  the  felt  ring  on  the  rim  of  the  plate  d,  and  bolt  them  together  with 
the  nut  i.  After  assembling  the  apparatus,  pour  150  cc.  of  carbon  disulphioe  into  the 
bowl  through  the  small  holes,  place  the  cover  over  the  copper  box  b,  and  slowly  stait 
the  motor,  gradually  increasing  its  speed  until  the  carbon  disulphide  extract  flows  in  i 
thin  stream  from  the  spout  e  into  an  empty  flask  underneath.  When  the  first  chirge 
has  drained,  the  motor  is  stopped,  fresh  carbon  disulphide  added,  and  the  operation 
repeated  4  to  6  times  until  the  extract  runs  clear.  The  bowl  is  then  removed,  inverted, 
the  nut  unscrewed,  and  any  rarbon  disulphide  retained  by  the  mineral  matter  allowed  lo 
evaporate  spontaneously.  The  mineral  matter  is  then  dried  a^d  weighed.  It  is  «dl 
to  filter  the  extract  through  a  Gooch  crucible  to  recover  any  mineral  ^matter  which  nuy 
have  worked  its  way  through 'the  felt  ring,  adding  same  to  th&  balance  of  the  mineral 
matter.  ; 

Recovery  of  ExtraeUd  BilvminoM  Matter.  From  the  weight  of  the  extracted  minerJ 
matter,  calculate  the  bituminous  matter  by  difference,  and  evaporate  the  carbon  disul- 
phide extract  to  exactly  this  weight.  This  may  be  conveniently  performed  by  distilling 
and  condensing  most  of  the  carbon  disulphide  over  an  incandescent  Ught  or  an  electric 
stove.  The  concentrated  solution  is  transferred  to  a  tared  dish,  evaporated  dry  wi » 
steam  bath,  and  the  last  traces  of  solvent  removed  in  an  oven  at  105"  C.  until  the 
residue  attains  the  calculated  weight.  Due  ^owance  should  be  made  for  the  fact  thit 
any  non-mineral  matter  insoluble  in  carbon  disulphide  will  be  retained  mechsuicilly 
by  the  extracted  mineral  matter,  which  with  asphaltic  products  is  relatively  unDO' 
portant,  but  will  amount  to  a  considerable  item  in  the  case  of  tar  products. 

Reco\>eTed  Minerol  Aggregate.  The  presence  of  any  non-mineral  matter  inatduble  ii 
carbon  disulphide  will  be  revealed  by  the  discoloration  of  the  mineral  particles.  Is 
this  case,  the  weight  of  the  latter  should  be  corrected  by  igniting  it  until  all  carbooacaws 
matter  is  destroyed,  and  then  reweighing. 

Ezunination  t)i  Separated  Bituminous  Matter 
This  is  subjected  to  the  tests  embodied  in  Part  I. 
■  "  Laboratory  Manual  of  Bituminous  Materials,"  let  Edition,  N.  Y.,  1916,  p.  lOB- 
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EzajniDation  of  Separated  Mineral  Matter 
This  will  include  any  uncombined  mineral  matter  as  well  as  any  colloidal 
mineral  particles  retained  by  an  asbestos  Gooch  filter.     It  may  be  examined 
further  as  follows: 

Gnmnlumetric  Analysis.  The  methods  which  follow  have  been  attmdardized  by 
the  Ameiican  Society  for  TnatinE  Materials'  for  mineral  agaregaiea  used  in  connectioi) 
with  hifdiways.     The  following  three  methods  have  been  adopted: 

For  Sand  or  Other  Firie  Highway  Material.  The  method  consists  of:  (1)  drying  at 
Dot  over  230°  F.  to  a  constant  wei^t  a  sample  weighing  50  g.;  (2)  passing  the  sample 
through  each  of  the  following  mesh  sieves. 


PenalBlble  Vmrtatlon 

or^ 

WInDIUIMB 

Mob 

Dl»»t« 

>« ]   iis 

» 1       25.3?" 

« !  S.," 

» 1  is.8r 

m                  ;      31     cm 
*" 78.7  in. 

'» S.u„° 

- il  2S.7L" 

2.00     mm 
0.079   in. 
0.85      mm 
0.0335  in. 
0.50      mm 
0.0197  in. 
0.36     mm 
0,0142  in. 
0.29      mm 
0.0114  in. 
0.17     mm 
0.0067  in. 
0.14     mm 
0.0055  in. 
0.074    mm 
0.0020  in. 

0.56     m 
0.022   in 
0.40     m 
0,0157  in 
0.33      mi 
0.0130  in 
0,26     mi 
0.0102  in 
0.21     mi 
0.0083  in 
0.15     m 
0.0059  in 
0.116   m 
0.0046  in 
0.053    mi 
0.0021  in 

m 
m 
m 

±0.04 

±0.1 

±0.2 

±0.5 

±0.4 

±1.0 

±0.6 

±1.5 

±0.8 

±2 

±1 

±3 

±1 

±3 

±3 

±8 

±0.05 

±0.002 

±0.015 

±0.0006 

±0.012 

±0.0005 

±0.010 

±0.0004 

±0.010 

±0.0004 

±0.008 

±0.0003 

±0.008 

±0.0003 

±0.005 

±0.0002 

The  order  in  which  the  sieves  are  to  be  used  in  the  process  of  Bifting  is  immaterial 
ind  shall  be  left  optional;  but  in  reporting  reeults,  the  order  in  which  the  sieves  have 
beeti  used  shall  be  stated;  (3)  determining  the  perceniaKe  bv  weight  retained  on  each 
aevr,  the  sifting  being  continued  until  lees  than  1  per  cent  ol  the  weight  retained  shall 
puithrough  the  sieve  during  the  last  minute  of  sifting;  and  (4)  recording  them  "*""'"' 
uuJyBts  in  the  following  manner: 

Passing  200-mesh  sieve 

Passing  100-mesh  sieve  and  retained  o     . 

Posing    80-me8h  sieve  and  retained  on  a  lOO-mesh  sieve. . 

Passing    SO-mesh  sieve  and  retained  on  a    SO-mcsh  sieve. . .  % 

Total 100.00% 

'"Standard  Method  for  Making  a  Mechanical  Analysis  of  Sand  or  Other  Fine 
Highway  Material,  Except  for  Fine  AgKregates  Used  in  Cement  Concrete"  (Serial 
De«igoation:D7-18);  "Standard  Method  for  Making  a  Mechanical  Analysis  of  Broken 
Stone  or  Broken  Slag,  Except  for  Aggregates  Used  in  Cement  Concrete  "  (Serial  Desig- 
nation: D  18-18);  "Standard  Method  for  Making  a  Mechanical  Analysis  of  Mixtures 
o(  Sand  or  Other  Fine  Material  with  Broken  Stone  or  Broken  Slag,  Except  for  Aggre- 
gatoi  Used  in  Cement  Concrete"  (Serial  Designation:  D  19-18),  A.  S.  T.  M.  Standards, 
Adopted  b  1918,  663,  665  and  666. 
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For  Broken  SUme  or  Broken  Slag.  The  method  shall  consist  of:  (1)  drjing  at  not 
over  230°  P.  to  a  conBtant  weight  a  sample  weighing  in  pounds  6  timee  the  diameto'  in 
inches  of  the  lorgeat  holes  mjuired;  (2^  passing  the  sample  through  such  oF  the  Sd- 
lowing  eixe  screens  having  cirrular  openinp  as  are  required  or  foiled  for  by  the  sped- 
fications,  screeoa  to  be  used  in  the  order  named;  3},  3,  2),  2,  1),  li,  1,  i,  )  and  i  in.; 
(3)  determining  the  perrentage  by  weight  retained  on  each  screen;  and  (4)  recording 
the  mechanicalanalysis  in  the  (ollowing  manner: 

Passing  J-in.  screen % 

Passing  j-in.  screen  and  retained  on  a  1-in.  screen % 

Passing  j-in.  screen  and  retained  on  a  I-in.  sereen % 

Passing  1-in.  screen  and  retained  on  a  j-in.  screen % 

Total 100.00% 

For  Sand  or  Other  Fine  Material  with  Broken  Stone  or  Broken  Stag.  The  method 
shall  consist  of;  (I)  drying  at  not  over  230°  F.  to  a  constant  weight,  a  sample  weigbii^ 
in  pounds  6  timee  the  diameter  in  inches  of  the  largest  holes  required;  (2)  separating 
the  sample  by  the  use  of  a  screen  having  circular  openings  1  in.  in  diameter;  (3)  ei- 
amining  the  portion  retained  on  the  scr^n  in  accordance  with  the  method  for  broken 
stone  or  broken  slas;  (4)  examining  tlw  portion  passing  the  screen  in  accordance  with 
the  method  for  sand  or  other  fine  highway  material;  and  (5)  recording  the  nwchanic*! 
analysis  in  the  following  manner: 

Passing  200-mesh  sieve % 

Passing  100-meah  sieve  and  retained  on  a  200-meBh  sieve, . .  % 

Passing    80-mesh  sieve  and  retained  on  a  100-niesh  sieve. . .  % 

Passing    lO-mcsh  sieve  and  retained  on  a    20-mesh  sieve. . .  % 

Passing      i-i"'  screen  and  retained  on  a  10-mesh  sieve % 

Passing      j-in.  screen  and  retained  on  a  l~in.  screen % 

Passing      j-in.  screen  and  retained  on  a  Hn.  screen % 

% 

Total 100.00% 

Elvlriaiion  Test  for  Sand  or  Fine  Filler.  This  test  is  adapted  to  fine  mineral  particles 
passing  a  200-me8h  sieve.  Place  5  g,  in  a  beaker  about  120  mm.  high,  holding  600  cc., 
and  fill  almost  to  the  top  with  distilled  water  at  exactly  70°  F.  Aptate  with  compressed 
air  until  the  mineral  particles  are  brought  into  suspension,  and  m  such  a  manner  that 
no  whirling  results.  Stop  the  blast  and  allow  the  liquid  to  stand  exactly  20  seronds, 
whereupon  the  wat«r  above  the  sediment  is  immediately  decanted  through  a  200-inesh 
sieve  without,  however,  jxiuring  off  any  of  the  sediment.  The  operations  of  agitatiw, 
sediiaentation,  and  dccantalion  are  repealed  with  fresh  water  three  times.  The  par- 
ticles caught  on  the  200-me8h  sieve  are  washed  bock  into  the  sample  remaining  in  the 
beaker,  which  is  dried  to  constant  weight  and  weighed.  The  difference  represents  the 
amount  removed  by  elutriation,  which  should  be  expressed  in  percentage.' 

Specific  Gravity.  Two  methods  are  recommended,  depending  upon  whether  the 
particles  are  finer  or  coarser  than  1  in.  in  diameter. 

For  Aggregates  WkoHe  Particles  are  Less  than  i  In.  The  Le  Chatelier's  fladc  is  used 
for  this  purpose  oa  described  on  p.  1199. 

For  Aggregaica  Composed  of  Fragnwntt  Larger  than  i  In.     The  Goldbeck  apparatus' 

'  "Standard  Forms  for  Specifications,  Tests,  Reports  and  Methods  of  Sampling 
for  Road  Maicriala,"  Bulletin  No.  555,  U.  S.  Dept.  Agriculture,  Wash.,  D.  C,  p.  32, 
Nov.  26,  1017. 

'  ''Standard  Forms  tor  Spei'ifi  rat  ions,  Tests,  Reports  and  Methods  of  Samplini;  tor 
Road  Materials,"  Bull.  No.  555,  U.  S.  Dept.  of  Agriculture,  Wash.,  D.  C,  p.  31,  Nov. 
26,  1917. 
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QluatraUd  in  Fig.  164  ia  used  for  this  purpose;  1000  g.  oT  aggregate  are  dried  to  conatont 


Fig.  164. — Goldbeck'a  Specific  Gravity  Apparatus, 

•ci^t,  weiohed  to  the  nearest  O.S  g.,  and  inunersed  in  water  for  24  hours.  The  pieces 
ue  then  individually  eurface-dried  with  a  towel,  the  sample  reweighed  and  immediately 
introduced  into  the  cylinder,  which  has  previously  been  tilled  to  overflowinR  with  water 
U  77"  F.  The  displaced  water  is  caught  in  a  tared  beaker,  and  weighed.  If  the  weight 
(rfthf  dry  agRregat  e  in  air  is  a,  and  the  weight  of  the  displaced  wat^rb,  then  the  apparent 
secific  gravity  is  equal  to  a  divided  by  6.  The  difference  between  the  oripnal  weight 
M  the  specimen  and  its  weight  after  24  hours'  immersion  is  used  to  determine  the  per- 
rtntsge  of  absorption.  If  e  equals  the  weight  of  the  water  absorbed  by  the  dry  speci- 
men  in  24  hours,  then  the  true  specific  gravity  at  77°  F.  is  equal  to  a  divided  by  (6  — c). 
Chemiul  Analvas.  This  may  include  a  qualitative  or  a  quantitative  analysis,  by 
tny  of  the  methods  ordinarily  used  for  this  purpose.  If  a  quantitative  analysis  is  to 
be  made,  the  reader  is  referred  to  other  portions  of  this  book,  as  well  as  to  the  following 

Minmd  Coititituentt  NaturaUy  Present  and  Added  FiUers:  "Tentative  Methods  tor 
Ultimate  Chemical  Analysis  of  Refractory  Materials,"  Serial  Designation:  C  lS-17  T), 
Prof.  Am.  Soc.  Testing  Materials,  17,  Port  I,  671,  1917;  "Standard  Specific  a  tiona  and 
Tests  for  Portland  Cement"  (Serial  Designation:  C  9-17),  A.  S.  T.  M.  Standards, 
Atiopred  1918,  SOC. 

Added  White  Piomenla.  "Standard  Methods  for  Routine  Analysis  of  White  Pig- 
ments" (Serial  Designation:  D  34-17),  A.  S,  T.  M.  Standards,  Adopted  in  1918,  637. 

Addtd  YeUow,  Red  or  Brmm  Pigmenla.  "Standard  Methods  for  Routine  Analysis 
-f  Yellow,  Oreiige,  Red  and  Brown  Pigments  Containing  Iron  and  Manganese"  (S«ial 

'■^nation:  D  50-18),  A.  S.  T.  M.  Standards,  Adopted  in  1918,  655. 
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PART  ni 

EXAMINATION   OF  BITUMINIZED  FABRICS 

This  caption  includes  the  following  groups  of  products,  viz.: 

Q^Prepared  roofings. 

R — Composition  shingles. 

S — Deck  and  porch  coverings. 

T — Bituminized  fabrics  for  constructing  built-up  roofs. 

U— Bituminized  fabrics  for  constructing  waterproofing  membraneB. 

V — Electrical  insulating  tape. 

W — Waterproof  papers  for  wrapping  and  packing. 

X — Waterproof  papers  for  insulating  against  heat  or  cold. 

Y — Felt-base  floor  coverings  (surfaced  with  linseed  oil  and  pigment 

composition). 
Z — Expansion  joints  for  pavements. 

These  are  constructed  as  shown  in  Table  IV,  where  the  index  a  indicateB 
that  asphaltic  compositions  have  been  used,  and  t  signifies  that  coal  tar  (pitch) 
et  al.,  have  been  used. 
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PHYSICAL  TESTS  OF  FimSHED  PRODUCT 

Wm^L  Careful])^  unpack  the  fsbiic,  and  where  any  dusting  finish  has  been  used 
be  Mire  not  to  detach  it.  Make  certain  that  the  specimen  ia  of  rectanpUai  Fonn,  and 
then  weigh  it  with  an  accuracy  of  at  least  0.25%.  Then  measure  its  length  and  breadth 
with  an  accuracy  of  at  least  0.25%,  and  figure  its  area.  Calculate  ita  weight  per  unit 
area  from  the  following  formulae: 

Um.  per  eq.  ft.  - 

0«.p.r«,.yd.- J^  X296.  J^  X46.71. 

PlilUUty  is  tested  b>  cutting  lengthwise  from  the  center  of  the  roll  a  strip  1  in.  wide, 
and  conunencing  with  the  largeet,  succesaively  bending  it  around  various  c>linderH 
under  water  at  temperatures  of  77  and  32°  F.,  respectively,  recording  the  cylinder  on 
which  the  surface  cracks.  Five  cylinders  are  used  in  the  test,  measuring  2i,  2,  1), 
1  and  )  cm.  in  diameter,  respectively.  A  convenient  apparatus  for  this  purpose  la 
shown  in  Fig.  165.  The  fabric  should  be  bent  parallel  to  itself,  through  an  arc  of  180', 
at  a  uniform  speed,  and  in  exactly  2  seconds  time. 

2ion.      Zem.        tk^m.      tern.       t  em. 
OAM         oi>>i*  """*        ***       01  AM. 

Fici.  165.— Mandrels  for  Testing  the  Pliability. 

The  pliability  is  eiqiressed  in  figures  from  1  to  10,  as  follows: 

1  May  be  bent  through  an  are  of  180°  in  one  direction  (i. 

through  an  arc  of  360*  in  the  other  direction  (t.  e.,  flat 
the  surface  coating. 

2  May  be  bent  flat  on  itself  (i.  e.,  through  an  arc  of  180°)  without  cracking  the  surface 

coalings,  but  will  crack  when  bent  through  an  arc  of  360°  in  the  other  direction 

3  Surface  cracks  when  bent  through  an  arc  of  180°  (flat  on  itself). 
t  Surface  cracks  on  the  J-cm.  cyhoder. 

5  Surface  cracks  on  the  1-cm.  cylinder. 

B  Surface  crocks  on  the   Ij-cm.   cylinder. 

7  Surface  cracks  on  the  2-cm.  cylinder. 

8  Surface  cracks  on  the  2j-cm.  cyhnder. 

9  Both  the  surface  and  the  interior  of  the  sheet  crack  on  the  2)-cm.  cylinder  without, 

however,  cracking  mtirtly  through  the  sheet. 
ID  The  sheet  cracks  entirely  through  on  the  2\-cia.  cylinder. 

Thicksen,  in  mils  (thousandths  of  an  inch)  is  determined  with  a  micrometer  caliper, 
having  flat  b«uing  surfaces  about  \  in.  in  diameter. 

Strecgdi  is  determined  by  subjecting  a  specimen  cut  in  the  direction  of  the  length 
rf  the  roll  and  of  the  dimensions  shown  in  Fig,  166  to  a  tension  which  is  increased  at  a 
mitform  speed  of  3  lbs.  per  second,  the  specimen  being  maintained  at  a  uniform  tempera- 


tun  of  77°  F,  during  the  test.     A  simple  and  effective  instrument  for  finding  the  tensile 
•treogth  is  shown  in  Fig.  167.     Ten  such  tests  are  averaged. 

Retlatmnce  to  Heat.  A  strip  is  cut  exactly  12  in.X12  in.,  care  being  taken  not  to 
disturfo  any  of  the  detached  mineral  matter  on  the  surface,  and  euspended  in  an  oven 
from  a  thin  wire  fastened  through  holes  in  the  upper  edge  of  the  Strip.  Thepiece 
"hoold  be  allowed  to  hang  freely  and  maintained  at  a  temperature  of  125°  F,  for  100  hrs. 
At  the  end  of  this  time  it  is  allowed  to  cool.  The  pliability,  weight,  thickness  and 
■tRnglh  are  redetermined  and  the  changes  from  the  original  figures  expressed  ii 

tht  surface,  blistering,  c 
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ResiBtaiice  to  Dampness.  Accurately  cut  a  strip  of  the  bituminixed  fabric  IS  m. 
X  18  in.,  and  weigh.  Remove  the  detached  mineral  particles  from  both  aides  at  tht 
sheet  with  a  moderately  stiff  brush,  and  reweigh  (area  equals  2}  sq.  ft.).  Suspeodbt 
tight  box  containinir  sufficient  water  at  the  bottom  to  saturate  the  air  with  motrtnre. 
Cover  tightly  and  bDow  the  specimen  to  remain  in  the  moist  air  for  100  houis  at  77°  F. 
As  the  moisture  enters  more  readily  through  the  cut  edges  of  the  sheet  than  tfarougb  tb 
surface  itself,  6  in.  should  be  trimmed  from  the  edges  at  the  termination  of  the  test, 
leavioK  a  strip  measuring  exactly  12  in.  X  12  in.,  representing  the  central  portion  of  tbt 
origin^  Hpecimen,  and  weighing  i/9  of  the  latter.  Ascertain  the  wu^t,  thicknen  ud 
tensile  strength  of  the  12  X  ISpoilionat  the  end  of  the  test^  and  calculate  any  variatkiit 
in  pcrcent^e  from  the  ori^nal  figures.  The  increase  in  weight  should  be  figured  on  tho 
basis  of  the  original  material  indiiding  the  detached  mineral  matter. 


"Lb:=«;.=-d|^ 


Fia.  166.— Teneile  Strength  Specimen. 


IT  ELCmTIOH  SIM    tWHJIOt* 

Fio.  167— Inatrumcnt  for  Testing  the  Strength  of  Bituminised  Fabrics. 

Resistance  to  Water.  This  tost  is  run  exactly  the  same  as  the  preceding,  only  in 
this  case  the  Hi>ecimen  should  be  immersed  entirely  in  water  at  77"  F.  for  100  bouB- 
An  IS  in.  X  18  in.  sheet  should  be  used  in  making  the  test,  and  trimmed  te  13  ■"- 
X  12  in.  before  redetermining  its  weight,  thickness  or  strength. 

Resistance  to  Electrical  Current.  This  teat  is  apphed  to  saturated  and  «aW 
papers  used  fur  wrappinR  wires,  cables  and  other  insulative  purposes,  and  consiaU^ 
subjecting  the  papor  at  77°  F.  to  an  alternating  current  of  a  frequency  not  ovff  ™ 
cycles,  the  potential  being  increased  at  the  rate  of  125  volts  per  minute  betweep  n*' 
disc  terminals  having  bevelled  edges,  the  areas  of  contact  measuring  exactly  I  eq-'"- 
The  terminals  should  be  brought  closely  together,  so  that  the  paper  will  just  b1»^ 
between  them,  and  the  current  increased  until  a  breakdown  occurs. 
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Special  Tests  for  Adhesive  InsulAting  Tape.  (1)  A  strip  protected  from  tlie  direct 
nys  of  the  sun,  is  hung  indoors  for  2  moDths.  The  diminution  in.  tackineas  is  noted  and 
is  a  meaaure  ol  the  extent  to  which  it  "dries  out." 

(2)  The  tensiie  strei^h  is  measured  at  77°  F.  by  separating  a  }  in.  specimen  at  the 
r&te  of  20  in.  per  minut«,  the  initial  distance  l>etwccn  the  jaws  of  the  testmg  maciune 
beiiu  12  in. 

(3)  The  adhesion  of  the  compound  between  the  plies  is  measured  by  winding  a 
■trip  2  ft.  long  and  }  in.  wide  upon  a  I  in.  mandrel  under  a  tension  of  7)  lb.  at  the  rate 
of  30  in.  })cr  minute,  and  then  measuring  the  rate  of  separation  per  minute  under  a 
weight  of  3  lb. 

(4)  A  strip  is  first  exposed  to  dry  heat  of  100°  C.  for  18  hours,  cooled  t 

,_,   „..._.... _,  — „ ..„^ .     -„e  third 

lap  on  a  smooth  copper  rod,  1  in.  in  diameter,  for  a  distance  of  6  in.  Two  inches  in  the 
center  are  then  covered  with  tin  foil  and  bound  down  securely  with  tape,  whereupon  an 
alternating  current  of  1000  volta  having  a  frequency  of  not  over  65  cyciee,  is  applied 
for  S  minutes  between  the  metal  rod  and  the  tin  foil,  to  obecrvc  whether  a  puncture 

Resiatance  to  Weather.  For  a  detailed  description  of  the  procedure  for  conducting 
exposure  t«ets  on  bituminizcd  fabrics,  and  specifically  composition  roofines  and  shingles, 
the  reader  is  referred  to  "Asphalts  and  Allied  Substances"  Second  Ekution  published 
by  D.  Van  Nostrand  Co.,  New  York,  1920,  p^e  574  et  seq. 

SEPARATION   OF   niOSHED   PRODUCT    INTO   ITS   COMPOHENT   PARTS 
Scpufttina  of  Bituminous  Matter,  Mineral  Matter  and  Fibrous  Matter 

FABRICS  (SATURATED  ONLY,  < 


urine  the  volume ^of  water  recovered  in  the  distillate.     From  this,  iL_  .  __„ 

calculated  in  percentage  based  on  the  weight  of  fabric  taken  for  analysis. 

Treat  another  weighed  specimen  of  the  fabric,  cut  to  a  convenient  size,  in  a  Soxhlet 
extractor  with  carbon  disulphide,  and  continue  the  extraction  for  several  hours  after 
(he  liquor  syphons  over  colorless.  Air-dry  the  extracted  fabric,  then  heat  it  in  a  venti- 
lated oven  maintained  at  110°  C;  cool  in  a  deasicator,  and  weigh  as  rapidly  as  possible. 
Rcpea'  the  drying  until  the  weight  of  the  fabric  remains  constant,  as  determined  by 
two  consecutive  weighinKs  taken  not  less  than  10  minutes  apart,  showing  a  further 
loss  of  not  more  than  0,1%.  This  pvea  its  weight  in  the  "bon<Mlry"  state.  The  total 
ttvight  of  moisture  present  in  the  original  material  figured  against  the  weight  of  "bone- 
dry"  fabric,  will  give  the  percentage  of  moisture  extant  in  the  original  fabric  exclusive 
of  the  bituminous  constituents. 

Fabrics  treated  with  asphalt  become  readily  desaturated  upon  extracting  with 
carbon  diaulphide,  whereas  fabrics  treated  with  coal-tar  or  coal-tar-pitch  will  retain 
much  of  the  "free  carbon"  mechanically.  Most  of  the  free  carbon  may  be  removed, 
however,  by  vigorously  agitating  the  desaturated  fabric  with  carbon  disulphide  in  a 
stoppered  flask.  One  or  more  such  treatments  will  remove  the  bulk  of  the  "free 
carbon,"  which  in  turn  may  be  recovered  upon  filtering  the  washings. 

The  extrarted  fabric  ma]^  be  examined  for  ash,  thickness  and  strength,  also  sub- 
jected to  a  microscopic  examination  to  ascertain  the  fibres  present,  in  accordance  with 
the  methods  to  be  described. 

Add  anv  "free  carbon,"  recovered  as  described  above  to  the  carbon  disulphide 
extract,  and  evaporate  the  mixture,  first  on  a  steam  bath,  and  then  in  an  oven  at  80°  C, 
until  the  residue  corresponds  to  the  exact  difference  in  weight  between  the  original 
iHluminiied  fabric  and  the  combined  weights  of  extracted  "bone-dry"  fabric  plus  the 
miHiture  present.  The  bituminous  matter  recovered  in  this  manner  may  be  examined 
M  described  later. 
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SINGLE 


(fiATURATED  AND  COATED)  ALSO  LAMINATED  FABRICS 


Since  the  fabrics  and  bituminous  matter  may  be  nsaembled  in  many  different  myi, 
the  resultant  products  are  too  numerous  to  itemise.  It  is  impractical,  ther^ore,  to 
give  analvtical  methods  applicable  to  each  The  ones  which  foflow  have  been  devised 
specifically  for  examining  prepared  roofingB  and  composition  shinKlca. '  Th^  methods 
are  typical  ones,  and  wi  h  sught  nunor  modiAcations  and  a  little  ingenuity,  may  be 
adapted  to  other  forms  of  b  turn  n  led  fabrics 

For  all  practical  purposes  prepared  roofings  may  be  divided  into  the  six  typa 
illustrat«d  in  Fig.  168. 


o-  ^^^^5^^  '  TopB-rvmneus  Zoomg 
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Fia,  16!>.— Types  of  Prepared  Roofings. 


Type  t  ,.      __     _ 

mineral  matter  embedded  superficiBlly  in  the  coatings. 

Type  C  is  similar  to  Type  A,  but  surfaced  on  one  side  with  coarse  mineral  Dutta 
embedded  in  the  coating. 

Typo  D  is  composed  of  a  layer  of  saturated  felt  and  a  layer  of  burlap  or  cotton  durk 
^ntcd  together  and  cx>atcd  on  top  and  bottom  with  bituminous  matter.     Its  Buifaee 


Type  F  is  composed  of  two  layers  of  saturated  felt,  cemented  together  with  a  Isjw 
of  burlap  in  between,  and  coated  with  bituminous  matter.  Its  surface  is  finished  as  in 
Type  A. 

"'Anal>'8iB  and  Testing  of  Prepared  Roofings,"  J.  Ind.  Eng.  Chem.,  9,  1048, 1917 


Coarte  Mineral  Matter  (e.g.,  crushed  dale,  crushed  brick  or 
tile,  crushed  feldspar  or  p^nite,  soiall  pebbles  or  gravel) 
1>pe  C  (on  top  only). 

May  or  nay  not  be  present.  If  present, 
conaiats  of  very  fine  mineral  matter 
(e.g.,  clay,  siUca,  hmefltooe,  shale, 
colored  mmeral  oxides,  etc.). 
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The  mineral  matter,  bituminous  matter  and  fibrous  matter  are  distribut«d  in  the 
foUowing  manner: 

MiNERAi,  Matter 

—Detached 1  Very  Fine  Mineral  Matler  (e.g.,  finely  ground  talc,  mica  or 

silica)  Types  A.  D,  E  and  F  (on  top  and  bottom)  also  Type  C 
(on  bottom  only). 

2— Embedded    in    the 

top  surface  coat- 
ing 
^-Embedded    in    the 

bottom     surface 

coating  -  - .         . 

4— Admixed  with  the  top  suHace  coating 

(Types  A,  B,  C.  D,  E  and  F) 
5— Admixed  with  the  bottom  surface  ooating 

(Typea  A,  B,  C.  D,  E  and  F) 
6— Admixed  with  the  cementing  layer 

(Types  E  and  F)  j 

BiTOMiNous  Matter 
1— Contained  in  the  top  surface  coating  (all  lypea)- 
2— Contained  in  the  bottom  surface  coating  (all  tyoes). 
3— Contained  in  the  cementing  layer  (Types  D  pho  F). 
1— Contained  in  the  fabric,  present  in  either  one  layer  (Types  A,  B,  C  and  D)  o: 

tributed  in  sevOTal  layers  (Types  E  and  F). 

Fibrous  Matter 
1-Oneo] 

'— Burlaj. ,_^^ ,. 

The  separation  of  prepared  roofii^  into  its  component  parts  is  carried  out  as  follows: 
Weight  Per  100  Sg.  Ft.  Carefully  unpack  the  foil,  taking  care  not  to  detach  any 
of  the  mineral  Burfacing  or  dusting  finish.  Weigh  the  roofing  after  removing  (he 
wr^iper,  ends,  nails  and  Tap-cement  packed  in  the  core  of  the  roll.  Measure  the  length 
•nd  breadth  of  the  roll  with  a  steel  tape,  recording  the  dimensions  to  ^  in.  Calculate 
the  area  in  square  feet. 

Figure  the  weight  of  the  finished  roofing  in  lbs.  per  100  sq.  ft (1) 

Cut  BcversI  Btnps  exacUy  3  in.  wide  across  the  sheet. 

Note — \v'ith  roofing  36  in.  wide,  these  stripe  will  measure  exactly  1  sq.  ft.,  and 
with  roofing  32  in.  wide,  they  will  measun:  ]  sq.  ft.  Find  the  weight 
of  each  strip  in  grams. 

Calndate  the  weight  of  the  roofing  in  lbs.  per  100  sq.  ft. , (2) 

SoTB— With  36  in.  roofing,  wt.  in  lbs.  per  100  sq.  ft. -0.294Xwt.  3  in.  atrip  in 

With  32  in.  roofing,  wt.  in  Iba.  per  100  sq.  ft.  =0.331  Xwt.  3  in.  strip  in 

Check— Result  (1)  should  equal  result  (2). 

Detached  Mineral  Matter.     Remove  the  detached  mineral  particles  from  both  sides 
of  the  3-in.  strips  with  a  moderately  stiff  brush  or  cloth  and  reweigh  in  grama. 
Calculate  the  weight  detached  mineral  matt«r  in  lbs.  per  100  sq.  ft (3) 

Dru  Felt  and  Burlap;  Total  Embedded  and  Admixed  Mineral  Matter;  Total  Bilum' 
tnoui  Matlar.  Extract  one  of  the  3-in,  strips  in  a  Soxhlet  extractor  with  bcnEol.  Dry 
the  extractod  fabric  together  with  any  adhering  mineral  matter  at  110"  C.  Cool  in  a 
deaiccalor  and  weigh  the  felt  as  rapidly  as  possible  before  it  has  an  opportunity  to 
UMorb  moisture  from  the  air.  Rep<^t  the  dr^ng,  until  the  Wright  is  constant.  Care- 
fully brush  off,  weigh  and  set  aside  the  adhering  mineial  matter. 

Calculate  the  weight  of  each  layer  dry  felt  or  burlap  in  lbs.  per  100  sq.  ft (4) 

Note — Use  the  separated  felt  or  burlap  for  examining  its  physical  and  chemical  char- 
arterislics  according  to  the  methods  to  be  described  latfr. 

Separate  the  mineral  matter  from  the  benzol  extract  by  filtering  or  centrifuging; 
*a»h  clean  with  successive  portions  of  benzol,  dry  and  weigh.  Combine  with  the 
mineral  matter  brushed  off  the  extracted  fell. 

Calculate  the  weight  of  the  total  embedded  and  admixed  mineral  matter  in  lbs. 
per  100  sq.  ft (5) 
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Screen  throuKh  a  set  of  standard  UDVes  of  different  mesh.  A  mere  inapection  of  the 
p&rticles  retainecTby  the  vorioUB  Bcreens  will  enable  one  to  diatinguiah  the  iDodentdy 
coarae  or  coarse  embedded  mineral  matter  from  any  very  fine  admixed  mincnd  mcU^r- 
present  in  Typea  B  and  C. 

Calculate  the  weixht  of  moderately  coarse  or  coane  embedded  mmeral  matter  in 
lbs.  per  100  so.  ft.  for  Types  B  and  C;  or  csleulat«  the  combined  wdght  (rf  vay 
fine  embedded  mineral  matter  and  adimxed  mineral  matter  in  lbs.  per  100  sq.  ft. 

for  Types  A,  D,  B  and  F <»> 

Calculate  the  total  weight  of  bituminous  matt«r  in  lbs.  per  100  sq.  ft.,  i.e.  [1] 

-[(3)  +(4)  +  (5)l (r> 

BUuminoua  Saturatiori  in  the  Fell.  Warm  a  strip  about  2  in.  wide  cut  lengthwise 
from  the  roll,  and  tear  off  the  coatings  as  shown  in  Fig.  169,  taking  care  that  in  ao  dcHDS 


Fia.  169- — Method  of  Stripping  the  Coatings  from  the  Saturated  Felt. 


as  little  as  possible  of  the  saturated  felt  is  removed  with  the  coatings,  and,  on  the  '>t^^^ 
hand,  that  none  of  the  coatings  or  rementing  layer  remain  adhering  to  the  strip  ^^ 
saturated  felt.     The  small  arrows  ts  the  left  of  the  various  types  of  roofing  illuatratew^ 
in  Fig.  168  indicate  approximately  where  the  layers  should  be  separated.     This  ciw    -" 
readily  be  accomplishea  with  a  little  practice  and  dexterity.    Where  the  m>fing 
composed  of  one  layer  of  felt,  as  in  Types  A,  B,  C  and  D,  the  rone  between  the  arro^ 
a  and  b  should  be  separated.     Where  the  roofiiig  is  composed  of  two  layera  of  felt,  e 
in  Types  £  and  F,  separate  the  sones  between  the  arrows  a  and  b,  also  e  and  d,  reape^^^ 
lively.     In  this  manner,  about  25  g.  of  the  saturated  felt  (free  from  the  coating  e::^' 
cementing  layers]   are  obtained  from  each  layer,     WeiRh  and  eictraet  each  portii-^"" 
separately  in  a  Soxhlet  with  benzol.    Dry  the  extracted  felt  at  110°  C.  to  couataiC^' 
weight,  desicca(«  and  weigh.    Calculate  the  weight  of  bituminous  saturation  by  difi^  -3* 
ence,  and  evaporate  the  benzol  extract  to  exactly  this  weieht. 
Note — Use  the  residue  of  bituminous  saturation  recovered  from  each  layer  of  felt 
for  examining  its  physical  and  chemical  charactcrijjtirs,  according  to  the 
methods  described  later. 
Calculate  the  per  cent  of  bituminous  saturation  carried  by  each  layer  of  dry  felt.  .      C  ^^ 
Calculate  the  weight  of  bituminous  saturation  present  in  each  layer  of  the  felt  in 

lbs.  j>er  100  sq.  ft.  [i.e.  (8)X(4)1 C«J 

WeighU  of  Bituminoua  Matter  in  the  Coalings  and  Cementing  Laj/er. — In  types  A^  ~K 
C  and  D.    The  combined  weights  of  bituminous  matter  in  the  top  and  bottom  eoatu»0i 
in  lbs.  per  100  sq.  ft.  ma)[  be  calculated  by  subtracting  (9)  from  (7).     To  fintd  t-ZK 
rmpective  weights  of  bituminous  matter  in  the  top  and  bottom  surface  coatings,  take  a        , 
3-in.  strip  cut  across  the  sheet  of  rooHng,  from  wtiich  the  detached  mineral  matto'  h"        I 
been  removed,  and  split  it  lengthwise  by  tearing  the  felt  midway  between  the  poinM         | 
a  and  6  (Fig.  168).     Weigh  and  extract  each  section  separately  in  a  Soxhlet.     Deaccafe         I 
and  weigh  the  dry  felt  in  each  section  (and  the  burlap  in  Ty^  D),  also  separate  and  | 

weigh  the  total  embedded  and  admixed  mineral  matter.  Calcuutte  the  weight  of 
bituminous  saturation  present  [i.e.,  weight  of  dry  felt  X  (8)|.  From  the  original  wei^ 
of  each  section  subtract  the  combined  weights  of  dry  felt,  bituminous  aatur^ioD, 
embedded  and  admixed  mineral  matter.  The  difference  repreaents  the  wei^t  of 
bituminoua  matter  in  the  surface  coating  carried  by  that  particular  section. 
Calculate  the  we^ts  of  bituminous  matter  in  the  top  and  bottom  coats,  ren>ec> 

tively,  in  lbs.  per  100  sq.  ft (10) 
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Tn  TVpes  E  and  F.  Take  a  3-ia.  strip  freed  fram  the  detached  mineral  matter  as 
p^vioudy  described,  and  split  it  into  lhi«e  sections,  by  tearing  through  the  felt  mid- 
w&y  between  the  points  a  and  b,  also  c  and  d,  respectively  (Fig.  168).  Weigh  and 
eicXr-act  each  of  the  three  sections  separately  in  a  Soxhlet.  Separate,  and  in  eorh  case 
v^^  the  dry  felt  (also  the  burlap  in  Type  F)  and  the  total  mineral  matter.  Following 
Ik^  method  previously  described: 
^^Iculate  weights  of  bituminouB  matter  in  the  top  and  bottom  coats  respectively 

i«a  Iba.  per  100  sq.  ft (II) 

)^klculate  weight  of  bituminous  matter  in  the  cementing  la^er  in  lbs.  per  100  sq.  ft. 
^^klculate  weight  of  very  fine  mineral  matter  admixed  with  the  cementing  layer 
i*i  lbs.  per  100  sq.  ft. 

Very  Fine  Embedded  Mineral  Matter  aho  Admixed  Mineral  Matter,  in  the  Top  and 
fo€4om  Coatings  Respectively.  In  types  A,  D,  E  and  F.  Take  another  3-in,  strip  from 
fhich  the  detached  mineral  matter  has  been  brushed  off,  and  remove  the  outer  layer  of 
jl»e  top  and  bottom  coatings  respectively,  by  means  of  moderately  rough  sand  paper. 
E^KtQugh  of  the  surface  should  be  scraped  to  remove  every  vestige  of  the  very  fine  em- 
v^dded  mineral  matter,  and  at  the  same  time  care  should  be  taken  not  to  cut  completely 
'tki'ough  the  surface  coatings  into  the  saturated  felt  underneath. 

Id  types  A  and  D,  split  the  scraped  sheets  lengthwise  midway  between  the 
points  o  and  6.  In  types  E  and  F,  split  the  scraped  sheets  lengthwise  midway 
^^pectively,  between  the  points  a  and  b,  also  e  and  d,  discarding  the  central  section, 
^^tract  the  scraped  outer  aections  separately  with  beniol  as  before,  recovering  and 

^^e  dry  felt  present  in  the  respeclive  scraped  sections (12) 

^^e  admixed  mineral  matter  present  in  the  scraped  sections (13) 

'^'He  total  bituminous  matter  present  in  the  surface  coating  and  saturating  the  felt 
in  the  respective  scraped  si     ' 


JS^e  dry  burlap  (in  Type  D). 
Calculate  the  b'      ' 


s  matter  present  in  the  felt  in  the  respective  scraped  sec- 

«»^  [(8)-^100x(12)l , (15) 

*4ence  the  bituminous  matter  present  in  the  surface  coating  remaining  on  the 

respective  scraped  sections'=(14)  — (15) (16) 

*lie  proportion  of  very  fine  mineral  matter  admixed  with  the  bituminous  matter 

in  each  coaling -(13) +  (16) (17) 

^otal  weight  of  very  fine  mineral  matter  admixed  with  the  respective  coatings  in 
lbs.  per  100  sq.  rt.  =  (I7)X(10)  jin  Types  A  and  D]  or  (I7)X(I1)  [in  Types 

E  and  Fl _.. _ (18) 

■Ajid  weight  of  very  fine  mineral  matter  embedded  in  the  surface  of  the  respective 

coatings  in  lbs.  per  100  sq.  ft.^(6)-(18). 

Pfature  of  ike  Bituminous  Mailer  in  Ihe  Coatingt  and  Cementing/  Layer.     Brush  off 

tfae  detached  mineral  matter  from  a  surface  about  2  sq.  ft.  in  area.     Then  scrape  off  the 

Ckuter  portion  of  the  surface  coating  with  a  sharp  knife.     This  is  occomphshed  by  hoktins 

the  knife  at  right  ancles  to  the  sheet  of  roofing  resting  on  a  firm,  level  surface,  and 

tepidly  drawing  the  blade  sideways  under  moderate  pressure.     Care  should  be  taken  to 

Kvoid  scraping  entirely  through  the  surface  coating.     This  is  important.     Weigh  and 

then  dissolve  the  scrapings  in  benzol.     Separate  the  mineral  matter  bv  filtering  or 

centrifuging,  and  wash  with  successive  portions  of  beniol.     Dry  and  weiM  the  mineral 

xnatler.     Calculate  the  weight  of  bitummous  matter  in  the  scrapings  by  difference,  and 

evaporate  (he  combined  benzol  extracts  on  the  water  bath  to  exactly  this  weiaht, 

completing  the  evaporation  if  necessary  in  an  oven.    Both  surface  coatmgs  should  be 

treated  separately  in  this  manner.     In  Type  D  the  bottom  coating  m^  readily  be 

removed  by  coohng  the  specimen  in  an  ice-chest  and  rapidly  tearing  oft  the  burlap, 

^rhich  will  carry  most  of  the  bottom  coat  with  it.     This  should  be  extracted,  filtOTed 

and  the  extract  evaporated  to  obtain  the  pure  bituminous  matter  present. 

In  type  F  the  central  web  of  burlap  may  be  torn  out,  and  the  bituminous  matter 
containea  in  the  cementing  layer  separated  in  the  some  manner. 

In  type  E  the  bituminous  matter  may  be  separated  from  the  cementii^  layer 
b«tween  the  sheets  of  felt,  by  cooling  in  an  ice-chest,  rapidly  tearing  the  sTuwimpn  in 
'»o  along  the  plane  of  the  cementing  layer,  scraping  and  separating  the  D 
"latter  as  descnbed  for  the  surface  coatings. 

Use  the  separated  bituminous  matter  for  examining  its  physical  and  chemical 
■^oaracteristics. 
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Ezaminatioa  of  Separated  Fabric 

Weight    This  is  ascertained  bb  described  under  "  Physical  Tests  of  Finiriied  Pto- 

duct."     It  is  expiesaed  arbitrarily  by  the  trade  in  temiH  of  the  "nuinber"  as  fcdlom: 

(a)  In  the  case  of  paper,  the  "number"  usually  corresponds  to  the  weight  in  pounds  at  a 

ream,  conaiating  either  of  600  Bheels,  for  light  papers,  or  480  sheets,  tor  brav; 

papers,  each  sheet  measuring  24  in.  by  36  in.     Other  arbitrary  methods  are  sin 

Bomclimce  used  embodying  a  different  number  of  sheets,  or  sheets  of  other  aiiee. 

The  following  formulae  will  be  found  useful  in  calculating  the  "Dumber": 

"Number"  (500:  24X36)-  ^^^■-  X6150= -^^X«53, 

"Number"  (480:  24X36)=    -^H^-  X5903=    ?^  X914. 
sq.  cms.  sq.  ma. 

In  statinp  the  "number,"  the  percentage  of  moisture  present  in  the  ptiper  should 
also  be  given. 
(6)   In  the  rase  of  felt,  .the  "number"  represento  the  wei^t  in  pounds  of  a  ream  con- 
sisting of  480  sheets,  each  meosuni^  12  in.  X  12  in.,  the. moisture  content  of 
which  is  arbitrarily  set  at  3-5%.  .  The  following  formula  may  be  used: 

"Number"  (480:  12X12)=  ■^^-     X  983  =  -^^  X152. 

(c)  In  the  case  of  textile  fabrics,  the  "number"  represents  the  weight  in  ounces  per 
lineal  yard  of  a  specified  width,  the  moisture  content  being  arijitrarily  fixed  at 
6.57d-     V,''lh  burlaps  the  width  is  40  in.,  with  "regular"  ducks  29  in.,  ete. 
Thickness.    This  is  found  as  described  under  the  beading    "Physical  Tests  of 

Finished  Product," 

Strength.     The  strength  is  determined  by  one  of  the  following  methods: 

(a)  In  the  case  of  paper,  the  desiccated  material  is  exposed  for  at  least  2  hours  in  an 
atmosphere  of  65%  relative  humidity,  at  TO'  F.,'  and  while  in  this  condition  it  is 
tested  by  means  of  a  Mullen  tester,  increasing  the  tension  at  a  uniform  speed  of 
2  lb.  per  second  until  the  specimen  ruptures. 

(i)  In  the  rase  of  felt,  expose  the  desaturated  fabric  for  3  days  to  air  at  77"  F.,  com- 

Klely  satural<>d  with  moisture,  and  then  find  its  tensile  strength  as  in  (o). 
e  reason  for  this  is  because  the  strength  of  the  dry  felt  is  incresjsrd  materially 
during  the  process  of  extracting  with  solvents,  but  it  may  again  be  brou^t  to 
correspond  closely  with  its  original  strength  by  treating  as  described. 
(c)  In  the  rase  of  textile  maf«rinla  (e.0.,  cotton  cloth,  duck,  burlap,  etc.),  it  is  customary 
to  find  the  tensile  strength  when  the  desiccated  fabric  has  assumed  a  moisture 
regain,  established  arbitraril|V  at  6.5%  of  its  bone-dry  weight.*  Two  methods 
are  used  for  finding  the  tensile  strength.  One  is  known  as  the  "Strip  Trst,"  in 
which  a  strip  of  the  fabric,  measuring  7  in.  by  11  in.,  ravelled  to  exactly  1  in. 
width,  is  clamped  at  each  end  by  the  jaws  of  the  testing  machine  (measuring 
H  in.  X  11  in.),  and  strained  to  the  point  of  rupture.  The  initial  distance 
between  the  jaws  is  3  in.  and  their  speed  of  separation  20  in.  per  minute.  The 
other  method  is  known  as  the  "  Grab  Test,"  in  which  the  machine  jaws,  each  of  a 
definite  area  (i.e.,  2  in.  by  1  in.)  are  made  to  reach  into  the  body  of  a  rectangular 
piece  of  fabric  5  in.  by  2  in.,  and  clamped  exactly  1  in.  apart.  The  jaws  are 
separated  at  a  speed  of  12  in.  per  minute  lo  the  point  of  rupture.  In  each  method 
5  tests  are  aver^zed  separately  for  the  warp  and  filhng. 
Thichness  Factor.  This  is  equal  to  the  thickness  in  mils  divided  by  the  "number" 
of  the  fabric. 

Strength  Factor.  This  is  equal  to  the  strength  in  pounds  divided  by  the  "number" 
of  the  fabric. 

Ash.    The  ash  is  determined  by  incineration  and  calculated  in  percentage. 

'  Mitthcilungen  a.d.K.  Technisr'hen  Vcrauchungsanstalten,  7  (1889),  2;  8  (1890) 
8  to  19;  "A  Constant  Temperature  and  Humidity  Room  tor  the  Testing  of  Paper, 
Textiles,  etc.,"  bv  F.  P.  Veilch  and  E.  O,  Reed,  J.  Ind.  Eng.  Chem.,  10,  1918,  38. 

'"Tentative  General  Methods  for  Testing  Cotton  Fabncs"  (Serial  Designation: 
D  39-18  T.),  Proc.  Amer.  Soc.  Testing  Materials,  Part  I,  Appendix  V,  18,  709,  1918; 
also  "  Effect  of  Moisture  on  the  Tensile  Strength  of  Aircraft  Fabrics,"  by  G,  H.  Haven, 
ibid.,  page  380. 
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nbres  Pn>eiit.  The  percentage  composition  of  the  fibres  is  determined  micro- 
BTC^ieally  by  staining  them  with  a  solution  of  zinc^hlar-iodide  (prepared  by  dissolving 
4  g.  of  potaeaiuin  iodide  and  0.1  g.  of  iodine  in  12  cc.  of  water,  ana  then  adding  20  g. 
ot  line  chloride),  and  counting  under  a  microscope  having  a  magnification  of  about 
lOO  diameters.  The  ittdi vidua!  fibres  are  recognised  by  their  characteristic  shapes  and 
the  colors  they  are  stained  by  the  isinc-chlor-iodide  solution.  The  percentages  aro 
MAcert&ined  by  counting  the  fibres  in  a  number  of  fields  and  finding  their  average.  The 
following  classes  of  fibres  are  reported: 

Cotton  fibres — stained  wine-red 
Rag  Fibres       Wool  fibres — unstained  by  the  solution 

Jute  and  manila  fibres — stained  a  yellowish  brown 

Mechanical  wood  pulp— stainod  lemon-yellow 
Paper  Fibres    Chemical  wood  pulp   (sulphite  and  soda) — stained  grayish  purple  to 

The  following  solution  has  been  suggested  for  distinguishing' the  different  kinds  of 
chemical  wood  pulp,  including  unbleached  and  bleached  aulpfute  pulps.*  The  fibres 
are  first  moistened  with  a  5  per  cent  solution  of  ammonium  molybdate  and  then  with  a 
BolutioD  of  paranitroaniline  (200  mg,  dissolved  in  80  cc.  of  dtstilled  water,  to  which  are 
added  20  mg.  sulphuric  acid,  sp.gr.  1.767).    This  stains  the  fibres  as  follows: 


Mechanical  wood  pulp bright  reddish  orange 

Unbleached  sulphite  pulp Taint  dull  orai^  to  fair 

Bleached  sulphite  pulp  and  soda  pulp colorless. 


Another  reagent  recently  proposed  for  this  purpose'  is  prepared  by  mixing  equal 
Tolumes  of  N/10  ferric  chloride  and  N/10  potassium  ferricyanide  solutions.  The  moist 
fibres  are  immersed  tor  15  minutes  at  a  temperature  of  35°  C,  removed  and  washed 
thoroughly  with  water.  They  are  then  immersed  in  a  freshly  prepared  red  stain  com- 
posed of:  beniopurpurin  4-B  extra  (Bayer  &  Co.)  0.4  g,;  oxamme  brilliant  red  BX 
(Badische  Co.)  0.1  g.;  and  distilled  water  100  cc.  This  is  maintained  at  45°  C.  for  6-6 
minutes,  the  fibres  thereupon  removed,  washed  immediately  with  water,  and  examined 
under  a  microscope.  Unbleached  sulphite  pulp,  ground  wood,  jute,  or  any  ligoified 
fibres  are  stained  a  deep  blue  (the  depth  depending  upon  the  ligniu  content);  whereas 
Ueached  sulphite  pulp,  soda  pulp,  rags,  wool  or  any  thoroughly  bleached  fibres  aie 
stained  a  brilliant  red. 

Manila  fibres  may  be  differentiated  from  other  rope  fibres  (e.g.,  sisal,  New  Zealand, 
istle.  Mauritius  and  maguez)'  by  immersion  for  20  seconds  in  a  solution  of  chloride  of 
lime  (containing  about  5%  of  available  chlorine)  freshly  acidulated  with  acetic  acd 
{2  cc.  of  glacial  acetic  acid  per  30  cc.  chloride  of  lime  solution);  rinsing  with  water; 
then  rinsing  with  95%  alcohol;  and  finally  suspending  the  fibres  over  strong  ammonia 
for  1  to  2  minutes.  In  3  to  4  minutes  thereafter,  Manila  fibres  will  turn  brown,  whereas 
the  other  rope  fibres  mentioned  will  assume  a  cherry  red  color. 

Bzamiiuition  of  Separated  BituminotiB  CoatingB,  Saturating  anil 
Cementing  Compoiuids 

The  bituminoufi  compounds  separated  in  their  pure  state  as  described 
above  should  be  tested  as  outlined  in  Part  I. 

Ezuninition  ot  Separated  Mineral  Surfacing  and  Admixed  Mineral  Matter 

The  mineral  ingredients  separated  in  their  pure  etate  on  described  are 
euinined  as  outlined  in  Part  II,  "Examination  of  Separated  Mineral  Matter." 


by  C.  G.  Bright,  J.  Ind.  Eng.  Chem.,  »,  1044,  1917. 

•  "  Distinguishing  Manila  from  All  Other  Hard  Rope  Fibres,"  by  C.  E.  Swett,  J.  Ind. 
Eng.  Chem.,  10,  227,  1918. 
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EXAMINATION  OF  BITUMINOUS-SOLVENT  COMPOSITIONS 
(I.E.,  CEMENTS,   PAINTS,   VARNISHES,   ETC.) 

Bituminous  paints,  cements,  varnishes,  enamels  and  japana  ore  all  charao- 
tcrized  by  the  presence  of  a  volatile  solvent  with  a  bituminous  base,  combined 
in  the  form  of  "vehicle."  Depending  upon  whether  or  not  the  bituminous 
paints  and  cements  contain  a,  pigment  or  filler,  they  may  be  divide  into  two 
general  classes,  viz.: 

(1)  Pigment  or  tiller  absent:  incuuding  bituminous  varnishes  and  japans 
also  certain  bituminous  paints  and  cements. 

(2)  Pigment  or  Slier  present:  including  bituminous  enamels,  also  certain 
bituminous  paints  and  cements. 

The  first  class  consists  of  a  vehicle  made  up  of  a  solvent  and  base.  The 
second  consists  of  a  pigment  or  filler  combined  with  a  vehicle,  the  latter  simi- 
larly being  made  up  of  a  solvent  and  base.  The  bituminous  base  may  be  com- 
posed of  bituminous  matter,  with  or  without  the  presence  of  animal  and  vege- 
table oils  or  fats,  resins  or  metallic  dryers.  In  making  an  analysis  of  the  paint, 
cement,  varnish,  enamel  or  japan,  the  following  components  are  separated  and 
examined  viz.:    (1)  solvent,  (2)  pigment  or  filler,  (3)  base. 

PHYSICAL  TESTS  OF  FINISHED  PRODUCT 
Spedflc  Gnvi^.    This  may  be  ascertained  by  any  of  the  methods  described  in 
Part  I,  ca     ■    ■         ■       ■  „         .  ,  . 

may  be  c 
product  by  12. 

Viscosity.  The  Engler  Method  may  be  used  if  the  composition  is  sufficiently  liquid, 
otherwise  special  instruments  must  be  emploved  for  the  purpose. 

Spreading  Capacity.  The  paint  or  varniBh  should  be  spread  on  a.  clean  metal  surface 
by  skilled  workmen  under  actual  working  conditions,  and  the  factors  of  light,  tempera- 
ture and  moisture  carefully  noted.  The  area  covered  by  one  gallon  under  the  con- 
ditions noted  is  an  index  of  its  spreading  capacity. 

Drying  Propeittes.  TTie  lime  which  elapses  when  the  coating  ceases  to  be  tacky  in 
the  preceding  test  is  an  indieat.ion  of  the  rate  with  which  the  composition  driee. 

Coverinc  Power.  A  portion  of  the  material  is  spread  on  a  glass  plate  at  the  same 
rate  as  noted  in  the  spreading  capacity  test,  and  when  dry  the  opacity  is  recorded  under 
conditions  which  may  be  duplicated  readily. 

'  Exposure  Test  The  (composition  is  applied  to  the  surface  for  which  it  is  intended 
under  carefully  controlled  working  eondilfons  and  exposed  to  the  direct  action  of  the 
weather.  The  appearance  of  the  surface  is  noted  and  recorded  at  periodic  intervals 
until  the  roating  no  longer  fulfils  its  protective  action. 

SEPARATION  OF  FimSHED  PRODUCT  INTO  ITS  COHPOKENT  PARTS 
Solvent.  Rapid  method  taed  for  determining  the  pereenlage  of  ioivent  pruenJ: 
The  method  devised  by  A,  L.  Brown  is  rapid  and  gives  accurate  results,  but  does 
not  recover  the  solvent  for  fiirther  examination.'  Deliver  3-4  cc.  of  the  well-mixed 
material  (cements  as  well  as  paints  of  a  heavy  body  should  first  be  thinn^  to  fluid 
consistency  with  a  weighed  quantity  of  pure  benzol)  from  a  10-cc.  pipette  into  a  weighed 
glass  flask  of  .'>0  cc.  capacity,  as  rapidly  as  possible.  Stopper  the  flask  immediately, 
weigh,  and  dilute  to  the  mark  with  pure  henBol.  Deliver  exactly  10  cc.  of  the  well- 
mixed  material  from  the  pipette  upon  a  weighed  ground-glass  plate,  10  by  15  cm.  and 
1.5-3.0  mm.  thick,  supported  in  a  level  position.     The  diluted  material  should  be 

'  "Quantitative  Determination  of  Body  and  Solvent  in  Varnish,"  by  A.  L.  Brown, 
Proc.  Am.  Soc.  Testing  Materials,  14,  Part.  II,  4(i7,  1914;   "Determination  of  Volatile 
Thinner  in  Oil  Varnish,"  by  E.  W.  Boughton,  Tccbnolc^c  Paper  No.  76,  Btueau  ot  JI 
Standards,  Wash.  D.  C,  June  21,  1916. 
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Sowed  gnulually  on  the  plate,  the  object  being  to  cover  it  entirely,  without  cauBing  tho 
solution  to  creep  over  the  edges.  It  is  recommended  that  7  cc.  oe  delivered  first,  and 
the  lemiundar,  &  few  drope  at  a  time  during  the  ensuing  2  minutes.  The  evaporation 
of  the  benzol  will  cany  most  of  the  solvent  with  it.  and  the  film  is  »o  thin  that  the  solvent 
will  evaporate  in  1^-2}  hours,  the  plate  being  weired  every  half  hour  to  follow  the 
couise  of  evaporation.  Should  the  material  contain  a  drying  oil,  the  plate  must  be 
plAced  in  an  atmosphere  of  illuminating  gas  after  the  fiist  half  hour,  replacing  it  after 
each  weighing.  The  solvent  has  entirely  evaporated  when  a  constant  wei^t  is  ob- 
tained. From  this  calculate  the  percentage  of  solvent  by  weight.  An  idea  of  the 
drying  qualities  of  the  film  may  be  gained  by  placing  the  f^ass  in  a  free  circulation  of 
air  after  the  solvent  is  eliminated,  and  weighing  it  every  hour  as  the  film  oxidiEes,  until 
it  no  longer  increases  in  weight.  If  the  coating  has  a  tendency  to  dry  unevenly,  a 
weighed  quantity  of  50-me8h  sea  sand,  previously  dried  and  ignited,  may  be  sifted  over 
the  pajnt  in  a  very  thin  layer,  but  so  the  paint  will  be  visible  between  the  grains  of  sand. 
This  will  insure  a  uniform  evaporation  of  the  solvent. 

Method  Uaedfor  Reeovering  the  Solvent  for  Its  Bxamii 
100  g.  paint  in  a  500-cc.  flask,  conneeted  with  a  spra. 
mod  pass  through  It  a  current  of  dry  steam,  the  flask  being  heated  in  an  oil  bath  t<_ 
100°  C.  As  the  steam  passes  through,  gradually  raise  the  temperature  of  the  bath  to 
130"  C.  Catch  the  distillate  in  a  separatory  funnel,  continuing  the  distillation  until 
tbe  funnel  contains  400  cc.  of  water.  To  prevent  frothing  and  Dumping,  it  is  advan- 
tageous to  weigh  a  small  piece  of  broken  glass  or  pumice-stone  into  the  flask.  Let  the 
distillate  stand  until  it  separatea  into  two  Jayeis,  then  draw  off  the  water  and  determine 
the  volume  and  weight  of  solvent  recovered.  Weigh  out  another  100  k.  into  a  250-cc. 
flaak  and  distil  without  steam  over  an  electric  stove.  Continue  the  distillation  until 
the  residue  in  the  flask  reaches  a  temperature  of  200°  C.  This  gives  somewhat  lower 
results  than  the  first  method,  but  the  distillate  should  be  tested  for  water  soluble  sub- 
Btancea  to  correct  the  results  obtained  by  the  previous  method.  Turpentine  dissolves 
to  the  extent  of  0,3  g.  for  each  100  cc.  of  water  condensed.' 

Figment  and  Filler,  Dilute  100  g.  of  the  well-mixed  material  with  500  cc.  of  beniol 
in  an  800-cc.  stoppered  flask.  Either  centrifugate  or  let  stand  in  a  warm  place  until  the 
pigment  or  filler  has  settled,  then  carefully  decant  the  supernatant  liquid  into  a  clean 
DAsk  of  large  capacity.  The  pigment  or  filler  is  shaken  up  with  250  cc.  more  benzol, 
allowed  to  stand  in  a  warm  place  until  it  settles,  and  the  supernatant  Uquid  decanted 
into  the  second  flask.  Repeat  the  treatment  with  benzol  until  the  vehicle  has  been 
completely  extracted  from  the  pigment.  The  combined  extracts  are  allowed  to  stand 
quietly  to  recover  any  pigment  that  may  have  been  carried  over  with  the  beniol,  and 
ttien  carefully  decanted  through  a  weighed  Gooch  crucible  provided  with  an  asbestos 
filter.  The  residues  in  the  flask  and  on  the  Gooch  crucible  are  washed  with  benzol  as 
before,  and  combined  with  the  balance  of  pigment  or  filler  which  is  then  dried  at  110°  C. 
and  weighed.  The  pigment  or  filler  thus  extracted  is  used  for  a  qualitative  or  quanti- 
tative analysis.* 

Base.  The  combined  extracts  of  the  preceding  test  are  distilled  to  a  small  bulk, 
tranrferred  to  a  tared  dish,  and  evaporated  in  an  oven  at  110°  C.  exactly  to  the  calcu- 
lated weight  of  the  base,  by  subtracting  the  weights  of  solvent  and  pigment  or  filler 
from  the  original  weight  of  material  taJcen  for  examination.  When  oxidiMble  sub- 
stances are  present,  the  final  evaporation  should  take  place  in  an  fttmospbere  of  illum- 


inating ebs. 
"Tiehase 


recovered  in  this  manner  will  contain  the  bituminous  material  (with  the 


hy  the  methoda  described  in  Fart  I,  to  identify  the  materials  used  in  its  manufacture, 
Of  to  aid  in  its  dupLcation.     It  may  be  separated  into  its  component  parts  as  follows: 

'*  "Some  Technical  Methods  of  Testing  Miscellaneous  Supplies,"  by  P.  H.  Walker, 
■Bulletin  No.  109,  Revised,  Bureau  of  Chem.,  U.  S.  Dept.  of  Agri.,  Wash.,  D.  C,  Feb. 
28,  1910. 
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Method  of  Arudynng  the  Separated  Bate 

Dieeolve  50  g.  in  150  cc.  beniol.  Add  10  cc.  dil.  nitric  acid  (1  : 1)  and  boil  under  a 
reflux  condenser  (or  )  hour  to  decompose  any  metallic  eoape  (i^.,  drien,  etc.).  Add 
150  cc.  water,  boil  under  reflux  condenser,  trsjutfcr  to  a  separatory  fuJinel,  draw  off  the 
aqueous  layer,  lioil  with  another  100  cc.  water,  and  repeat  if  necessary  until  all  the 
metala  are  removed. 


Seniol  Solution:  ^Aqueous 

Distil  to  100  cc.,  add  300  bc.  of  the  saponifying  liqiud,  boil  under|         Extract: 
X  eondenaer  for  1  hour,  and  separate  the  unsaponifiablo  and  aaponi-      Contains    I 


£able  coniitituents  as  described. 


Uneaponifiablr  Matter: 

If  iiiKhfr  nJcohols  are  pres- 
ent they  may  be  pxlracteii  by 
boihng  with  twice  the  weight 
of  acetic  anhydride  and  Alter- 
ing; 


Hydrocarbont:     Iftigher  Alco- 

Contain  thol        hd»  Etc.: 
bituminous  sub-j     Conttiiii 
stancea   {i.e.,  aB-cholestcrnI 
phaft,    coal-taneie.    derivedf. 
pitch,    una ap.  from     wool  froi 
matter     derived  grease,     also  &cid  pitch. 
from    fatty-acid  the  unsapon-  "■'  '    "  ' 
pitch,  etc.}.  jiBable  consti. 

Examine  byituents  ori- 
the  methods  in-ginally  pres- 
cinded in  Part  I. lent 


SaponiJM)U  Matter: 
Separate  the  fatty  and 
sin  acids  aa  described  o 

p.  1175. 

FtUty  Acids:  \Resin  Acids. 

Includel    Includ 

acids  derived  .acids  derived 


De1«nnine 

.     rcentagei 

giy 


Sliitiplythisi^'r-  ""'-■!'""' 
y...  in  .  .!li  B"""  magnesium, 
™«.=  ™.,™„.l_    {N-B-— The 


1-  and  the  fowil 


(4  to  8%). 
{(Seep.U34.) 


metallic  bases  as 

nc     qualila- 

Jy  and  then 

quantitatively 

for   lead,    man- 

Iganese,     cobalt, 

calcium, 


percenll,      '   ^     „^ 

°F    f'"*  metallic    dn-er< 
gj>  cer-   j^^^I(^     ,^     f^ 

l^**' P'^^S^ifound    by  igni- 


(Note'"C"). 


J   the 

'lead  will  be  re- 
jduccd  to  metal 
by  the  organic 
matter,  and  ^-ol- 
atihied.) 


Lactone  Value Less  than  25 Greater  than  25 

K.  and  S.  Fusing-point Less  than  80°  P Greater  than  80"  F. 

Hardness  at  77°  F. Less  than  5.0 Greater  than  5.0 

Color  in  Mass Translucent  yellow  to  brown.  .Opaque  brown  to  black 

Nole"B" 
Test  qualitatively  for  rosin  by  the  Liebermann-Storch  reaction  (p.  1139).     Foaa*~^ 
resins  may  be  distinguished  from  rosin  by  determining  the  saponification,  acid  an  ^-^ 
eater  values  of  the  mixed  rcain  acids.     The  following  figures  have  been  reported  on  tl»^ 
resin  acids  separated  as  described: ' 

'  "The  Determination  of  Rosin  ii 

28,1723,1906;     "' 

12,  115,  1912. 


EXAMINATION  OF  BITUMINOUS  SUBSTANCES     1349 


Stmight  Rosin  Varnish 182-186 

RoMD  i;  Kauri  1  VarniBh 122-135 

Rosin  i;  Kauri  j  Varnieh 143.6 

Straight,  Kauri  Varnish 

Untreated  Rosin 

Untreated  Kauri  Gum 


nined  i: 


alike 


22-24 
72-78 
55.5 


although  unfortunately,  figures 


PARTY 

EXAMINATION  OF  BITUMINOUS  EMULSIONS 

These  include  bituminous emulaif 3d ng  oils  used  for  laying  dust  "dust  palli- 
atives," also  bituminous  emulsions  used  for  waterproofing  Portland-cement 
mortar  and  concrete.     The  following  products  are  likely  to  be  present,  viz.: 
water,  ammonia,  various  chemicals,  bituminous  matter,  animal  and  vegetable 
oils  or  fata,  other  forms  of  non-bituminous  organic  matter  and  mineral  matter. 
Water  is  determined  as  described.     Ammonia  is  liberated  by  rendering 
alkali  with  caustic  potash  and  heating.    If  present,  it  is  detected  by  its  odor, 
and  may  be  determined  quantitatively  by  distilling  into  a  standard  solution  of 
sulphuric  acid  and  retitrating  with  alkali.     The  presence  of  chemicals  may  be 
detected  by  boiling  with  water,  acidifying  with  hydrochloric  acid  and  extracting 
the  bituminous  and  fatty  substances  with  benzol.     The  chemicals  remain  in 
the  aqueous  layer  arid  may  be  determined'  by  a  qualitative  or  quantitative 
analysis.     Bituminous  matter  is  determined  by  saponifying  the  material  and 
then   extracting    the    unsaponifiable    constituents    as    described.     The    non- 
bituminous  organic  matter  and  the  chemicals  are  separated  from  the  bituminous 
and  fatty  matters  as  previously  described,  and  the  non-bituminous  organic 
I      matter  in  turn  separated  from  the  chemicals  by  suitable  methods.     Mineral 
I      matter  is  determined  by  incinerating  a  weighed  quantity  of  the  material  and 
I      examining  the  ash  as  described. 
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Method  of  Proximate  Valuation  of  OH  Shale 

The  following  is  the  outline  of  the  method  used  in  the  Colorado  School  of 
Mines.' 

Two  hundred  and  forty-one  grama  of  shale  (219.1  g.  in  case  of  rich  ore) 
are  placed  in  an  iron  retort  (A,  Fig.  169a),  20  cc.  N.H^Ot  are  placed  is 
the  tube  (F)  and  the  apparatus  connected  up  as  shown.  After  testing  for 
leaks  the  shale  is  gradually  heated,  beginniog  with  a  low  heat  and  increasiDg 
to  the  full  heat  of  three  Scimatico  burners.  The  heating  is  continued  ontil 
no  more  gas  is  evolved  (3-5  hrs,).  The  oil  is  caught  in  the  cylinder  (B), 
the  ammonia  is  caught  in  the  acid  of  the  tube  (F)  and  determined  as  staled 
below.    The  gas  is  measured  by  the  water  displacement  in  the  carboy  {!). 


Fio.  169a. 
If  241  g.  sample  is  taken 

cc.  oil  obtained  =•  gallons  per  tun  of  shale, 

CO.  gas  X  0,1337  o  cubic  feet  gas  per  ton  of  shale, 

Grama  spent  shale  in  retort  X  8.3  •=•  lbs.  shale  per  ton. 

Ammonia  as  Sulphate.  The  acid  in  (E)  and  the  rinsings  of  (C),  (i>)  ux^ 
(E)  are  placed  in  a  flask.  CO,  is  expelled  by  boiling.  The  free  acid  is  just 
neutralized  with  NaOH  (litmus  or  cochineal  ind.),  10  cc.  neutral  40  per  eent- 
formaldehyde  added  and  the  solution  boiled  1  minute.  The  liberated  H^O* 
is  now  titrated  with  N/5  NaOH. 

6HCHO+2(NH0iSO4  =  (CH,).N,-|-2H!SO<+6HjO, 
1  cc.  N/  5NaOH  =  0.10954  lb.  (NH()iSO.  per  ton  shale. 

'  The  Oil  Shale  Industry,  by  Victor  C.  Alderaon,  President  of  C.  S.  M.,  Gotden,  C5«A- 


RUBBER 

Bt  L.  E.  Sal&s,  M.A.,  B.8c. 

Rubber  is  obtained  from  the  latex  of  certain  plants  beloneinK  to  the  Natural  Ordcis, 
Suphorbiacea,  Apoci/nacea,  UrticacoE,  The  latex  is  a  "  milky  |uice  showing  Browa- 
ma  movement;  an  emulsoid  of  rubber  in  a  watery  seniro,  and  it  is  associated  with 
EnMty  other  subatancee  (resins,  HUgare,  protein).  The  rhifif  rubber-bearing  plants  are 
Htnea  brasitiennJi  (Pari),  Coiliiioa,  Ficut  and  the  LaiuMphuu.  In  Parthenium  orp«nJa- 
lum  (Guayule)  the  nibber  occurs  solid  in  the  parenchyma. 

The  function  of  the  rubber  in  the  plant  is  unknown.  The  reeina  arc  considered 
•B  degradation  products.  The  protein  acta  as  a  protective  colloid  preventing  the  coalea- 
eence  of  tiie  gloDules  b  the  lat«x,  and  coaf^lation  consista  in  destroving  thu  protec^tion. 
Coai^lation  is  brought  about  by  heat,  or  chemical  reagents,  or  botn. 

The  ettential  eonatttuent  of  rubber  ia  a  hydrocarbon  {caoutchouc).  It  ia  a  poly- 
prene,  or  polymerized  t«rpene,  (CioHii)«,  The  physical  differences  of  the  various 
nibbera  are  due  to  variation  in  chemical  aggregation  or  the  value  of  n,  i.e.,  the  degree  of 
polymeriiation:  also  the  amount  and  nature  of  the  associated  foreign  matter.  Harries' 
work  on  the  oionides  of  rubber  shows  the  hydrocarbon  to  be  an  unsaturated  body  with 
two  ethylene  linkages.  By  bubbling  ozone  through  a  solution  of  rubber  in  chloroform. 
in  OMDide  -CioHitO.  (soluble  in  CHCU)  is  formed. 


CH, 


V 

r 

I     r 

.,  C^  CH 

No/- 


BjU 


Rubber  hydrocarbon  This  splits  up  on  steam  distillation 

into  Iffivulinic  aldehyde,  acid,  and 
a  superoxide. 

"Hie  /'ormuJa/ indicates  that  rubber  is  an  8  carbon  ring  compound  with  two  double 

bonds  and  that  there  are  two  methyl  groups  attached  to  the  ring.  The  systematic  name 
Iprthe  rubber  hydrocarbon  is  "  1,5  dimethyl-cyclo^ctadiene  1,.^."  The  term  "octa- 
<lwie"  signifiea  an  8  C  ring  with  two  ethylene  linkages.  The  1.5  at  the  end  states  the 
■■■Nntion  oT  the  bonds  in  the  ring  whilst  the  1.5  at  the  oeginnine  of  the  expression  refers 
■imilaily  to  the  methyl  groups.  Thecompoundsof  the  rubber  hydrocarbon  are  addition 
Produels  {except  the  nitroaite),  CioHi.O,  CioH,iS),  CioHi.Br..  etc. 

Rubber  is  a  eoltold,  and  is  not,  strictly  speaking,  soluble:  it  forms  pscudo^olutions 
(nnUinga),  A  colloid  is  represented  by  suspended  particles  which,  by  carriyng  like 
(+  or  ~)  electrical  charges,  repel  one  another  continuously,  and  thus  refuse  to  nettlp 
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by  ^vity.  The  addition  of  an  electrolyte  neutral iiinft  the  electric  chai^tcfl  caiuatlM 
particles  to  coalesce  (coagulation),  whereupon  they  settle  out.  A  colloidal  solution 
appCBfa  BS  a  unit«d  mass  of  particles  which,  on  greater  dilution,  decrease  in  aiie,  diau>- 
pearin^  to  form  a  "  sol,"  apparently  limpid,  although  the  beam  of  light  employed  in  tM 
ultramicroscope  discovers  solid  particles.  The  first  effect  of  the  "  solvent  "  la  to  swdl 
thepolyprene,rorniinR  a  network  or  sponge.  When  the  whole  of  the  rubber  is"  swollea," 
diffusion  of  the  ftolvent  takes  place. 

The  principal  rubber  aolvenli  are  carbon  disulphide,  turpentine,  petroleum,  ben- 
Bene  and  its  homologues,  carbon  tetrachloride  and  chloroform. 

EXAMINATION  OF  RAW  RUBBER 

The  following  mformation  concerning  a  consignment  of  rubber  mi^t  be 
required: 

1.  Origin,  botanical  swurce,  method  of  collection,  method  of  coagulatjon, 
despatch  and  packing. 

2.  The  gross  weight  of  shipment  at  the  time  of  despatch,  gross  weight  at  the 
time  of  sampling,  average  tare,  condition  of  the  packages  at  unloading  in  dock. 

3.  The  method  of  sampling  is  an  important  point  to  be  decided  between  buyer 
and  seller. 

4.  The  washing  loss,  the  content  of  washed  dried  rubber,  and  its  appearance, 
color  and  i^trength  aft«r  removal  From  the  vacuum  pans. 

5.  The  percentage  nitrogen  content  of  the  dried  rubber,  the  peroentage  of 
acetone  extract,  percentage  of  ash. 

6.  Quantity  of  rubber  (pure). 

7.  Results  of  trial  vulcanizations. 

Raw  Rubber 

Raw  Rubber  (wild  and  plantation)  appears  on  the  market  as  sheets,  blocks, 
slabs  or  scraps.  Each  kind  of  rubber  possesses  a  characteristic  odor  due  to  the 
contained  resin,  decaying  protein  matter,  or  the  material  used  in  coagulation. 
The  vegetable  refuse,  earthy  impurities,  moisture  and  soluble  matter  (organic 
acids,  carbohydrates,  tannins)  may  together  constitute  more  than  50  per  cent  of 
the  whole,  which  the  process  of  washing  and  drying  removes  (residual  moisture 
about  0.5  per  cent).  Plantation  rubber  is  more  carefully  prepared  and  arrives 
clean,  and  being  comparatively  dry  (as  sheet,  er^pe,  or  blocks)  requires  little  or  no 
washing.  Purified  raw  rubber  has  a  density  of  0.91-0.97.  It  is  h^hly  elastic  but 
loses  its  elasticity  at  0'  C.  or  if  heated  above  60°  C.  It  melts  at  100°  C.  to  a  black 
liquid. 

Technical  analysis  of  crude  rubber  (for  factory  control  and  valuation)  consists 
in  the  estimation  of  washing  loss,  true  rubber,  resin  and  ash.  The  eampKng  of 
crude  rubber  is  difUcuIt  because  the  packages  differ  greatly.  If  the  boles  are  very 
heterogeneous  the  whole  consignment  should  be  washed  and  dried,  as  hand  samples 
are  quite  unsatisfactory.  The  washing  loss  should  be  ascertained  by  w^ghing 
the  whole  shipment  (or  at  least  one-quarter  of  it)  in  batches  of  about  1  cwt.,  sub- 
tracting the  tare,  washing  the  rubber  (preferably  in  presence  of  representatives  of 
buyer  and  seller),  weighing  the  vacuum-^lried  rubber  after  removal  from  the  vac- 
uum driers,  and  calculating  the  percentage  of  loss  in  each  drier  and  taking  the 
average.     Determine  "  total  insoluble  "  in  hot  pyridine. 

Laboratoi;  sanqdes  should  not  be  less  than  20  lbs.    One  sam[de  should  be 
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taken  fnim  each  case,  unless  the  packages  are  many  and  are  much  alike,  when  every 
third  or  fifth  package  may  be  sampled.  In  this  case,  wash  and  dry  samples  from 
the  first  half  of  the  range  and  compare  with  results  from  the  other  half.  IE  these 
results  are  within  1  per  cent,  take  the  mean.  By  using  a  long-bladed  knife  or 
toothless  saw  a  wedge^haped  sample,  having  its  apex  at  the  center,  may  be  cut, 
CM"  in  the  case  of  a  prismatic  block  the  best  sample  may  be  obtained  by  cutting  out  a 
quarter.  A  slice  through  the  center  is  obviously  "  against  the  seller."  It  is  some- 
times found  that  the  rubber  contains  so  little  moisture  or  is  so  tacky  that  cutting 
is  very  troublesome.  In  this  case  the  knife  must  be  wetted  and  the  superfluous 
water  removed  afterward,  otherwise  serious  error  will  be  caused  if  tiie  small 
sami^eB  betaken. 

Taekine$».  Tackv  rubbers  always  show  a  low  state  of  colloidal  aggr^ation  com- 
pared with  sound  rubbers  of  the  same  species— their  viscosity  is  alsoiow.  As  they 
give  the  same  figure  on  bromination,  the  tackineea  is  not  due  to  oxidation  or  chemieu 
change,  but  may  be  a  physical  degradation  due  to  sunlight,  heat,  bacteria  and  enzymes, 
sbseoce  of  moisture  or  presence  of  excessive  moisture.  Guayule  is  very  susceptible, 
depending  on  its  preparation  and  overheating  during  stowage  in  transit.  The  use  of 
antiseptics  in  the  wash  water  does  not  prevent  tackiness,  but  Sponce  says  that  bacteria 
may  be  responsible  for  producinE  a  condition  in  rubber  favorable  to  tackiness.  Morton 
has  isolated  an  enzyme  which  will  produce  tackiness  even  in  fine  hard  Pari.  The  chem- 
irals  used  in  coaRulation  may  cause  the  condition — Spence  considers  sulphuric  acid  is 
inimical,  also  other  mineral  acids.  Organic  acids  eivc  hard  and  brittle  rubbers.  In 
any  caite  strong  coagulants  produce  the  beat  rubbers.  Antiseptics  are  advisable 
and  cleanliness  essential;  overheating  in  drying  rooms  and  ships  is  to  be  guarded 
against,  and  sunlight  is  to  be  avoided. 

Ccmimercial  evaluation  does  not  depend  on  chemical  analysis  alone.  Physical 
teats  and  vulcanization  trials  (open  and  press  cure,  time  and  temperature  and  mixing 
variation)  must  be  considered.  Valuable  information  may  be  acquired  by  curing 
with  10  per  cent  sulphur,  at  43  lbs.  steam  pressure,  and  withdrawing  samples  at 
c«tain  intervals  of  time.  The  object  of  analysis  is  to  assist  the  manufacturer  in 
factory  control  and  improvement  of  the  manufactured  articles,  and  to  serve  as  a 
guide  to  the  value  and  adaptability  of  the  raw  material. 

Resides  ordinary  equipment,  the  tactory  laboratori/  should  be  provided  with  a 
■niall  washing  mill  and  vacuum  drying  oven,  a  mixing  mill,  centrifuge,  Soxhiet  extractors 
(fitted  as  usual)  preferably  with  ground-glass  ioints.  Talc  baths  are  better  than  water 
hatha  (absence  of  steam).  Cork  connections  should  not  be  used  for  acetone  extractions. 
A  small  muffle  furnace,  a  crucible  furnace  and  a  small  tube  furnace  will  be  useful. 

Analysis  of  Crude  Rubber 

Chief  Determinations.  Moisture,  resin  (acetone  extract),  insoluble,  nitrogen, 
ash,  rubber,  traces  of  coagulant. 

MoUture.  Place  10  grains  of  rubber  (cut  into  the  smallest  pieces  possible  with  a 
pair  of  scissors)  into  a  flat  porcelain  dish  and  dry  the  material  in  a  vacuum  oven 
lor  two  hours  at  50°  C.  (apply  vacuum  gradually).  Estimation  may  be  made  in 
>n  ordinary  air  oven  heated  at  80°  C.  for  three  hours  or  until  weight  is  constant, 
w  the  moisture  may  be  determined  by  difference  (after  extraction  with  acetone). 
Original  weight  of  rubber  -  (extract-|- residue)  =  moisture.  Determination  of  mois- 
ture by  desiccation  in  vacuo  in  presence  of  cone.  HiSOi  is  a  refinement  for  research 
purposes. 

Keitn  (acetone  extract).    Two  3-5  gram  samples  from  the  washed  and  dried 
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rubber  are  cut  up  or  rolled  into  a  very  thin  strip.  If  taoky  and  liable  to  Malene 
interleave  the  material  with  muslin  or  filter  paper.  Charge  the  thimble  ud 
extract  (or  six  hours  with  60  cc.  acetone  (freshly  distilled  over  anhydrouB  KiCOt, 
using  the  fraction  56°-57°  C).  Distill  the  sdvent  and  heat  the  residue  at  IQO* 
until  the  weight  is  constant.  The  flask  should  be  inclined  in  order  to  expedite 
removal  of  the  solvent.  Increase  in  weight  of  the  tared  flask=acetone  odnet 
Dry  in  vacuo  to  attain  constant  weight. 


Fia.  170. 
The  percentage  of  resin  is  generally  characteristic  of  the  brand.  Pari  (1.3  per  cent), 
Congo  (4-6  per  cent),  Kanuii  (4  .I  per  cent),  Borneo  (10  per  cent),  Ceylon  Plant*- 
tion  (3,2  percent),  Guayule  varies  (avcrafte  18  per  cent),  Pontianak  (85  per  cent). 
The  extractor  uspd  should  enable  the  material  to  be  continually  surrounded  by  acetone 
vapor  at  the  boiling  point  of  the  solvent.  The  character  of  the  residue  is  impw- 
tant,  as,  technically,  rubber  containing  hard  reain  ia  preferred  (resin  up  to  8  per  cent 
is  not  objectionable  if  it  is  hard).  Pnrt  of  the  acetone  e^tract  is  eaponifiable  (KOH 
value)  and  part  contains  unsaturated  bodies.  Iodine  value  of  rubber-resins — Eiomeo 
(30.6)  Parii  (118),  Ka*mi  (107),  Gunyule  (94).  All  rubbers  except  Pari  contain  optically 
active  resins.  This  fact  has  been  proposed  as  a  means  of  detecting  rubber  other  than 
Partt  in  a  mixture.  The  optical  activity  is  always  dextro-rotatory,  and  the  more 
optically  active  the  less  saponifiable  is  the  resin.  Congo  and  Guayule  [(i|a  — 12,  Jelu- 
tang  [af/)=50.9. 

Ath.     Heat  5  grams  of  the  sample  in  a  flat  porcelain  dish  on  an  asbestoe  card 
from  which  a  small  hole  has  been  cut.    Fuse  gently.    Increase  heat  to  redness  in 


RUBBER  1355 

(be  muffle.  The  ash  of  washed  "  plantation  "  ranges  from  0.1-1.5  per  cent.  If 
white  or  pale  yellow,  and  infusible — silica,  lime,  and  magnesia  are  indicated.  If 
highly  ferruginous  the  ash  is  of  a  brick-red  color. 

Having  determined  the  moisture,  resin,  ash  and  dirt,  the  rvbber  may  be  caiculaUd 
by  difference. 

Resiru  containing  rubber  from  Borneo,  Sumatra  and  Malay  (Jclutong, 
Pontianak,  Dead  Borneo),  are  used  in  vulcanized  and  unvulcanized  rubber  com- 
positions, also  in  cements  and  chewing  gum.  These  rubber-bearing  resins  should 
be  examined  for  moisture  (a  50  grams  sample  is  heated  in  ?9i:uo  at  95°  C),  dirt,  resin 
(rubber  by  difference).  The  resins  are  hard  and  crystalline.  Resin  is  determined 
by  extracting  a  2-gram  strip  rolled  in  filter  paper,  or  as  particles  loose  in  the 
thimble.  After  extracting  for  two  hours  the  shrunken  mass  should  be  again  cut  up 
and  re-extracted. 

Inaoluble.  Take  1  gram  original  or  washed,  dry  rubber  (if  sticky),  or  use 
the  residue  from  the  acetone  extraction  if  the  rubber  is  firm. 

(a)  Weigh  out  25  grams  of  washed,  dried  rubber  and  mix  on  the  rolls.  To 
2  grams  of  this  in  a  flask  add  10  cc.  toluene  and  heat  for  two  hours  under  a  reflux- 
condenser  upon  a  talc  bath.  Allow  to  settle  and  filter,  or  better,  centrifuge  for  one 
half-hour.  Pour  off  the  supernatant  liquid,  add  more  toluene  and  whirl  again. 
The  compact  insoluble  is  received  on  a  tared  ashless  filter.  Weigh  residue  (1), 
mcinerate  and  weigh  (2),  difference =oi^nic  insoluble.     (Caspari.) 

ib)  Heat  1  gram  of  the  finely  divided  sample  in  a  large  test  tube  with  10  cc.  of 
phenetol  for  five  hours.  Allow  to  settle,  filter,  rinse  on  to  a  tared  dish — dry  and 
weigh.     (Beadle  and  Stevens,  I.  R.  Journal,  1912,  p.  193,) 

{c)  Warm  2  grams  of  rubber  with  15  cc.  petroleum  (B.  P.  200°  C.)  in  a  small 
Q&sk  for  one  half-hour;  dilute  with  100  cc.  b^zene.  Filter  or  centrifuge  as  in  (a). 
CCaspari.) 

Protein.  CTotal    Nitrogen).     Place   2   grams   of   the  washed,  dried   rubber 

in  a  Kjeldahl  flask  with  30  cc.  cone.    UiSOt  (or  20  cc.  cone.  HiSO,-|-10  cc. 

•Uiaing  H£Oi)  and  one  small  drop  (0.2  gram)  of  Hg.   Loosely  stopper  the 

Basic  and   heat  over  a  naked   flame,  increasing    heat    gradually    to    vigorous 

uo[|iag  until  the  liquid  is  light  straw-colored,   and  tr^isparent   (two  or  three 

^tn&ll  crystals  of  KMnO.  added  towards  the  end  will  assist).    Cool  and  dilute 

Wth  water  cautiously.     Rinse  into  a  500  cc.  flask,  and  add  a  solution  of  2  grama 

sodium  sulphide  in  20  cc.  water.     Add  80  cc.  NaOH  solution  (1.35)  togetherwith 

0.S  gram  Zn  in  small  pieces.     Connect  for  distillation  and  distill  off  the  NHj  into 

"flask  containing  20  oc.  N/5  H^,.     Titrate  the  excess  of  N/5  H30,  with  N/5 

NaOH  (using  Methyl  Orange  as  indicator).     Calculate  N,  and  multiply  by  6.25 

to  obtain  the  weight  of  protein  in  the  washed  and  dried  rubber.   N.B.  Unwashed 

rubber  contains  subatancea  rich  in  N.     (See  pp.  338  and  350.) 

Wilfarth's  modification  of  the  Kjeldahl  process  is  also  recommended  for  the 
total  nitrogen  in  rubber.  It  consists  in  digesting  1  gram  of  rubber  with  30  cc. 
of  cone.  HiSOi,  7  grams  KiSO.,  and  1  gram  anhydrous  copper  sulphate,  for  four 
'wutB  and  then  proceeding  as  usual. 

ftubber.  For  technical  purposes  it  is  sufficient  to  subtract  the  sum  of  the 
percentages  of  washing  loss  (moisture  and  dirt)  ash,  organic  insoluble,  and  nitro- 
pnous  matter  from  100  to  obtain  the  percentage  of  rubber-hydrocarbon, 

(a)  Spence's  Method.  Take  1.5  gram  acetone-extracted  and  vacuum-dried 
rubber.    Add  100  cc.  cold  beniene.    After  swelling,  make  up  to  200  cc.;  mix  and 
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filter  through  a  tared  funnel  plugged  with  glass  wool.  Cover  vith  a  watch  ^an. 
Take  100  cc,  of  the  filtrate  in  a  tared  flask,  distill  solvent,  dry  and  weigh.  Residue 
=  pure  soluble  rubber.  Calculate  the  percentage  on  the  original  weight.  The 
remainder  is  diluted  and  filtered,  washed  with  benzene  and  then  with  ahxihol. 
Dry  the  residue  at  65°  C.  and  weigh.  Residue  "insoluble  rubber +infloluMe 
impurities. 

(b)  Precipitation  Method.  Weigh  out  3  grams  of  material  and  swdl  in  10  ce. 
toluene,  make  up  to  100  cc.  with  toluene,  allow  to  settle  (or  use  centrifuge).  Into 
100  cc.  warm  alcohol  (95  per  cent),  transfer  by  means  of  a  iHpette  50  cc.  of  the 
supernatant  liquid,  stirring  meanwhile.  Remove  the  clot  by  means  of  a  glan 
rod  to  another  dish  and  redissolve  in  100  cc.  toluene.  Reprecipitate  in  alcohol 
Squeeze  out  the  alcohol  and  transfer  the  clot  to  a  tared  watch-glass.  Dry  to  con- 
stant weight  (preferably  in  wKuo).  CalcuUte  percentage  of  rubber.  If  therubba 
contains  much  resin  use  the  acetone-extracted  material. 

(c)  As  Tetrabromide :  (Budde's  Method,  Spence  and  Galletly  modification). 
The  value  of  this  method  is  lessened  by  the  fact  that  proteins  and  resins  aiMOib 
bromine. 

Dissolve  3  cc.  Br  and  0.5  I  in  500  cc.  CCI*.  Weigh  out  0.2  gram  of  original 
rubber  material.  Extract  with  acetone.  Place  the  residue  in  a  wide-mouthed 
bottle,  cover  it  with  50  cc.  CCI.  and  allow  it  to  swell  overnight.  Add  50  cc.  of  the  Br 
solution  and  allow  reaction  to  continue  six  hours  with  the  occasional  shaking.  Add 
50  cc.  alcohol  with  stirring,  and  wash  the  pptd.  tetrabromide  by  decontation,  with 
alcohol.  Drain  the  ppt.  and  allow  it  to  swell  in  CSi  (50  cc).  Reprecipitate  the 
tetrabromide  (CipHuBr.)  by  adding  50  cc.  petroleum  ether,  wash  with  alcohol 
and  dry  below  60°  C.  Transfer  ppt.  to  a  porcelain  crucible.  Mix  it  with  4  grams 
of  a  mixture  of  NaiCOi  and  KNOj  (2  r  1).  Gradually  heat  to  redness.  Dissolve 
the  residue  in  distilled  water,  acidify  with  HNOi  and  boil.  Cool.  Add  excess  of 
N/10  AgNOi  and  titrate  excess  of  AgNO,  with  N/10  AmCNS  sol.,  using  Fe  alum 
as  indicator.     Calculate  lir.     BrX0.42  =  rubber  liydrocarbon. 

{d)  Hitrosite  Method  (Alexander).  Dissolve  1  gram  of  rubber  (preferably 
acetone-extracted)  in  benzene  contained  in  a  weighed  beaker.  Pass  nitrous  fumes 
(from  cone.  HNO,+As,0]  in  small  lumps,  or  starch)  through  a  drying  tower 
containing  PiOi,  and  thence  into  the  benzene-rubber  solution  for  one  hour,  by  means 
of  a  wide  tube.  Settle  and  decant  the  liquid  through  a  weighed  Gooch,  and  wash 
with  benzene.  Add  50  cc.  fresh  benzene,  again  pass  the  gas,  and  allow  the  beaker 
to  stand  overnight.  Decant  through  Gooch,  wash  with  benzene  and  with  absolute 
ether.  The  beaker,  tube  and  crucible  are  placed  In  the  desiccator  for  one  half- 
hour  to  remove  ether.  Dry  in  air  oven  at  80°  C.  Dissolve  the  nitrosite  in  acetone, 
and  again  dry  and  weigh  the  beaker  and  tube.  The  difference = rubber  nitrosite. 
R.  N.X0.47  =  rubber  hydrocarbon. 

Note.  For  works-control,  the  ash,  resin  and  washing  loss  must  be  determiued 
upon  every  lot.  The  efficiency  of  the  drying  ovens  must  be  tested  after  each 
operation — samples  of  the  dried  rublwr  being  taken  from  several  drying-pans  and 
the  moisture  determined.  The  residual  moisture  should  be  less  than  0.5  per  cent. 
The  soluble  albuminoids  are  determined  from  the  difference  of  N  content  of 
the  unwashed  and  that  of  the  washed  rubber,  the  remainder  being  insoluble 
protein,    (Caspari). 


FILLERS    (Organic) 

A  rabber  article  may  contain  only  50  per  cent  rubber  and  Bometimes  much  less. 
The  non-rubber  portion  conaists  of  a  wide  variety  of  Bubatances,  organic  or  inorganic. 
Tlte  organic  fillers  arc  genc^rallv  substani'es  of  an  oily,  waxy  or  resinous  nature.  The 
tnorganle  Bllera  are  finely-divided  dry  powders. 

Vulcanization  consists  in  the  preparation  of  a  dough  containing  essentially  rubber, 
fillers  and  sulphur,  and  hentinp  it  at  125°  C,  to  175°  C.  for  one  to  three  hours,  and  the 
compounding  materials  are  added  (1)  to  impart  desired  effects  (hardness,  softness, 
^lability,  strength,  iQ.<iuIaton;  properties,  resistance  to  chemical  action),  or  (2)  to  give 
oeaired  color,  weighting  or  lightening  the  manufactured  article,  (3)  cheapening,  (4) 
modifying  the  vulcanization. 

The  organic  diluents  in  common  use  arc  "  Factice,"  reclaimed  ruhbpr  and  rubber 
waste,  pitches  (M.  R.  and  coal-tar  pitch),  waxes,  oils,  petroleum  residues,  resins,  dex- 
trin, and  cellulose.  Factice,  reclaim,  waste  and  bitumen,  cheapen  the  product.  Waxes 
and  oils  are  added  for  specific  effect. 

Factice  is  obtained  by  the  interaction  of  alyceride-oils  (linseed,  cotton,  maize,  cnstot 
ftnd  rape)  with  sulphur  chloride,  SjCI,  at  80'  C.  to  100°  C,  forming  whUe  mtbsliluU; 
,or  with  sulphur  alone  at  160°  C.  to  180"  C.  yielding  brown  subKlilute.  The  product 
is  a  Blift  jelly,  insoluble  in  rabber  solvents  but  swelling  in  them  lo  form  "  gels."  Fac- 
tice is  saponified  by  alcoholic  alkali  yielding  glycerine  and  alkali  soa|)S  (both  soluble  in 
water).  Factice  is  a  complex  mixture  of  factice  proper,  unvulcaniied  fatty  oil,  free 
nilphur  and  added  impurities,  such  as  paraffin  wax,  heavy  petroleum,  resin  and  bitOmen. 

For  analysis  of  factice  take  samples  from  different  parts  of  the  consignment 
and  thoroughly  mix  them  upon  the  rolls. 

Hoioture.     Dry  3  grams  at  60°  C.  until  constant  in  wc^ht. 

Acetone  Extract  Weigh  2  gram»  into  an  extraction  thimble,  plug  with  cotton 
wool  and  extract  with  acetone.  Dry  the  extract  at  100°  C.  and  weigh.  The 
extract  consists  of  unvulcanized  oil,  unsaponifiable  matter  and  free  sulphur.  On 
cooling,  parallin  wax,  if  present,  will  crystallize  out  and  mineral  oil  will  show 


Total  Sulphur.  Add  2-3  grams  of  factice  in  small  portions  to  20  cc.  cone.  HNOi 
contained  in  a  porcelain  dish.  Allow  reaction  to  continue  in  the  cold  for  fifteen 
minutes.  Gradually  heat  upon  a  water  bath  until  the  contents  of  the  dish  is 
reduced  to  a  syrup.  Add  5  cc.  fuming  HNOi  and  evaporate  again.  Fuse  the 
residue  with  KOH  and  a  little  KNOi.  Cool  and  dissolve  in  water.  Precipitate 
the  sulphur  as  BaSO,.    Calculate  S. 

Sulphur  in  the  Fatty  Acids.  Saponify  10  grams  of  factice  with  ale.  KOH. 
Decompose  the  soap  produced  with  HCl.  Collect  the  fatty  acids,  dry  and  weigh. 
Or  after  decomposmg  the  soap  with  acid  (HCl)  warm  upon  a  steam  bath.  Add 
5  grams  of  pure,  hard  paraffin  wax  {correctly  weighed)  and  allow  it  to  melt 
with  the  fatty  acids.  Cool  in  a  cold  water-bath.  Remove  the  cake  and  weigh 
l^t«r  drying  on  blotting  paper.  Take  an  aliquot  part  of  the  fatty  acids  and 
determine  the  sulphur  by  a  potash  fusion  (as  above).  Free  S=totaJ  S— S  in  fac- 
tice acids. 

Saponifiable  Matter.  Take  two  2  gram  portions  of  the  mixed  factice  and 
extract  with  acetone  as  before.  Add  .50  cc,  N.  ale.  KOH,  E-zaporate  the  alcohol 
and  take  up  the  residue  with  water.  Transfer  to  a  separatory  funnel  and  shake 
oat  twice  with  ether.  Evaporate  the  ether  extract,  and  weigh.  Total  acetone 
extract  —  (free  Hu!phur+unsaponifiable)  =  unputeonKed  ofL  The  residue  insol- 
uble in  acetone  =  factice  proper. 

Take  1  gram  of  the  "  residue  from  acetone  "  and  make  a  nitrate  fusion,  or  use 
the  potash  peroxide  method.    Gently  heat  in  an  iron  basin  with  10  grams  of  stick 
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KOH  and  add  10  cc.  95  per  cent  alcohol.  Add  1  cc.  water,  heat  and  stir.  Cool, 
and  dissolve  in  water.    Divide  into  two  equal  portions: 

(a)  Determine  aulpkur  by  adding  excess  of  HGl,  and  BaCli  solution. 

(6)  Determine  chlorine  by  adding  excess  of  HNOi  and  AgNOi  Bolutkm. 

Addity.  Stir  5  grams  of  factice  with  20  cc.  alcohol.  Total  acidity  is  detemuDed 
by  titrating  with  N/10  NaOH,  using  pbenolphthalein  as  indicator.  Free  boI- 
phuric  acid  is  Rometimes  present.  Shake  5  grams  of  factice  with  hot  water.  C(xd 
and  filter,  add  HCl  and  precipitate  with  BaCIi.  Exprera  each  acidity  in  terms  of 
oleic  acid.  Total  acidity  (as  oleic) —sulphuric  add  (as  oleic)=free  fatty  add  (u 
oleic),  (in  absence  of  neutral  sulphates). 

Ash.    Incinerate  two  grams  in  the  usual  manner.    Elxamine  qualitativdy. 

Assay  ddiveries  for  acetone  extract,  free  sulphur  and  unsaponifiable.  E^ioi- 
mental  mixings  and  vulcanization  will  determine  the  eSect  in  manufacture. 

Bitumen  and  Pitch 

Asph&ltum  is  used  in  cable  coverings  to  remove  micropoFOfiity,  and  to  incraae 
insulation.  Mineral  rubber  (M.  R.)  is  a  cheapening  diluent  and  can  be  added  in 
lai^  proportions. 

JbmlyBis.  A^hattene.  Soak  1  gram  of  the  bitumen  in  SO  cc.  cold  petro- 
leum ether  for  six  hours.  Crush  with  a  glass  rod  and  shake  until  disint^ated. 
Settle,  filter,  and  wash  the  residue  with  petrol.  The  residue  is  known  as  the 
"asphaltene  fraction."  Dry  and  weigh,  (a)  Dissolve  in  benzene.  Residue- 
mineral  matter -t- carbon.  Dry  and  weigh,  (b)  A  — fi=afiphaltene.  The  solution 
in  petrol,  "  petrolene  "  fraction,  is  brown  and  greasy,  and  may  contain  solid 
parafiin.  If  it  is  fluorescent  and  carbon  is  found  in  the  residue,  coal-tar  pitch  is 
indicated.     (Caspari.) 

Softening  Pt^t  of  Bitumen  and  Pitches.  (Barta's  modification  of  Kramer's 
and  Samow's  method.)  Several  pieces  of  glass  tubing  (6  mm.  bore]  are  cut  and 
ground  true  at  both  ends  so  as  to  be  exactly  5  cm.  long.  Fill  with  melted  and  well- 
stirred  bitumen.  Cool  and  shave  off  surplus  bitumen.  Connect  the  tube  by  means 
of  rubber  to  a  similar  but  longer  empty  tube.  Pour  into  the  empty  tube  5  grams  of 
mercury.  Fit  the  tubes  into  a  test  tube  and  heat  in  a  bath  of  molten  parafiin. 
Apply  heat,  increasing  the  temperature  at  the  rate  of  2°  C.  per  minute.  S'ote  the 
temperature  at  which  the  Hg  drops  through.  The  softening  point  is  generally 
30°  C.  to35°C.     (Chem.  Ind.,  1903,  p.  55.) 

Carbon  in  Coal-tar  Pitch.  Dissolve  1  gram  of  pitch  in  100  cc.  hot  benzene  and 
allow  to  settle.  Pour  the  supernatant  liquid  through  a  tared  Gooch,  Boil  the 
residue  again  with  100  cc.  benzene  and  filter:  wash,  dry  and  weigh. 

Ceresine  i»  soluble  in  hot  acetone,  but  very  slightly  soluble  in  alcohol  on  coding 
Determine  the  M.  P.;  and  acidity  by  N/100  NaOH;  20  grams  should  not  require 
more  than  1  cc.  beeswax  (used  in  ebonite),  camphor,  glycerin  and  reein  should 
be  looked  for.  All  coloring  matter  used  in  the  rubber  industry  should  be  exam- 
ined for  acidity.  Pigments  containing  copper  and  chromium  (examine  ash)  should 
be  rejected.    Paraffin  wax  and  ceresine  are  used  to  reduce  microporoa^. 

Rubber  Waste  and  Reclaim 

Reclaim  is  prepared  by  grinding  waste  and  treating  it  with  water  at  hi|h  tempentnre 
in  presence  of  acid  or  caustic  alkali.  Although  reclaimed  rubber  contams  its  origiDal 
combined  sulphur  it  can  t>e  revulcaniied.  Regenerated  rubber  tipptan  as  a  stiff  dou^ 
and  has  not  the  resilience  or  strength  of  new  material. 
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The  following  determlnaHons  should  be  carried  out.  Specific  gravity,  ace- 
tone extract,  quantity  of  factice,  quantity  of  factice  in  recliura,  etc. 

Dry  the  "  residue  from  acetone  "  and  boil  it  in  a  small  flaek  for  three  hours 
(under  reflux)  with  50  cc.  of  N/5  alcoholic  KOH  and  pour  o&.  Evaporate  alcohol, 
boil  with  water,  acidify  and  shake  out  with  ether.  Evaporate  ethereal  solution. 
Dry  and  weigh  the  residue  (fatty  acids).  Multiply  the  weight  of  fatty  acids  by 
1.1  to  obtain  the  weight  oi  factice  proper. 

100— (percentage  of  extract+percenti^  of  factice+percentage  of  ash)  — per- 
centage of  rubber. 

Reclaim  should  be  examined  for  gritty  matter  and  copper. 

Compounding  Materials  (Fillera  and  Modifiers) 

The  mo»l  important  powders  are:  IJtharge  and  white  lead,  zinc  oxide,  zinc 
sulphide,  barytes,  lithopone,  antimony-Bulphide,  vermilion,  ferric  oxide,  lime, 
chalk,  magnesia,  magnesium  carbonate,  kieselguhr,  ultramarine,  clay,  mica,  glass- 
powder  and  pumice.  Consignments  of  these  should  be  examined  on  arrival  and 
checked  with  the  sample.  They  must  contain  no  injurious  adulterants.  (See 
present  volume  under  separate  heads  for  detection  of  impurities.) 

All  these  materials  should  be  in  fine  powdered  form.  Pass  the  powders  through 
a  sieve  and  examine  for  fragments  of  wood  and  metal.  Determine  moMure 
by  drying  10  grams  on  Petri  dish  for  two  hours  at  60°  C.  Free  mineral  acid, 
(where  likely)  is  determined  by  boiling  5  grams  of  the  material  with  distilled  water 
filtering  and  titrating  with  N/SO  NaOH.  Calculate  to  HiSO<.  This  should  be 
less  than  0.1  per  cent.    Test  for  copper  by  AmOH. 

Rapid  Method  for  the  Deteimination  of  Inorganic  Fillers  (Mineral  Matter, 
etc.)  in  Rubber  Mixings.  Weigh  out  1  gram  of  the  sample.  Extract  with  acetone 
and  dry  the  residue  at  50°-60°  C.  Heat  it  with  25  cc.  petroleum  B.  P.,  230°-266'*  C. 
in  a  100  cc.  Erlenmeyer  flask  in  a  parafin-wax  bath  until  the  rubber  has  gone  into 
solution.  Fill  the  flask  with  benzene  and  allow  it  to  stand  for  24  hours  to  settle. 
Filter  through  a  Gooch  crucible  which  has  been  prepared  by  forming  m  it  (over 
the  usual  two  thicknesses  of  filter  paper)  a  filter  bed  of  ki^elguhr  of  about  halt 
the  depth  of  the  crucible.  Filtration  is  complete  in  2  hours,  a  perfectly  clear 
filtrate  being  obtained  in  one  operation.  The  same  filter  can  be  employed  again 
after  removing  the  surface  to  a  depth  of  two  millimeters. 

The  litharge  used  should  be  completely  soluble  in  HNOi  without  effervescence. 
Objectionable  impurities — PbOi  (black  flakes  left  in  HNOi  solution)  and  copper. 
(See  page  1184.) 

Red  Lead  is  used  as  an  accelerator  and  may  contain  CaCOi  and  FeiOi.  (See 
page  634.) 

Test  HagnesU  for  water  of  hydration,  Ca  and  silica.  Test  for  Mn  and  Cu. 
(See  page  1292.) 

Baiytes  should  be  pure  white.    Test  for  SiO)  and  Fe.    (See  page  60.1 

DetenninatioD  of  Barium  as  Sulphate  and  Carbonate  in  Vulcanizing 
Rubber.  J.  B.  Tuttle  (J.  I.  &  E.  Ch.,  1916).  The  total  Barium  is  determined  as 
aulphate.  To  determine  the  BaCOi  weigh  out  into  a  porcelain  boat  1  gram  of  rub- 
ber and  place  it  in  a  glass  tube  and  ignite  in  a  current  of  COi.  The  finely  ground 
residue  is  treated  with  10  grams  AmtCOj,  15  cc.  strong  ammonia  and  50  cc. 
water.  Boil  15  minutes  to  convert  the  Pb  to  carbonate.  Filter  off  the  insoluble 
BoSO*  and  carbonates  of  Pb,  Ba,  Ca  and  Zn  and  wash  the  ppte.  to  remove  the  sol- 
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uble  sulphates.  Add  10  cc.  glacial  acetic  acid  and  sufficient  wat«r  to  bring  total 
volume  to  100  cc.  Heat  to  boiling.  Filter.  The  Pb  is  removed  as  sulphide  and 
the  Barium  is  determined  as  carbonate.  The  Ba  as  sulphate  is  determiiied  by 
difference. 

tntramariQe  may  be  present  to  disguise  a  yellow  tint.  (For  analysis  see  page 
1133.)     Whiting  (CaCO.)  should  be  free  from  SiO,,  Fe  and  Mn.     (See  page  105.) 

Silica  must  be  white;  determine  moisture,  ignition  loss  and  bases.  (ReaiaindcT 
=  Syicft.)     (See  page  1187.) 

Drj- 1  gram  at  1 10°  C,  ^ite.  add  HF  and  three  drops  of  cone.  HiSO*.  Evapo- 
rate and  ignite  to  oxides.     (Loss— StOi.) 

Talc  ia  hydraled  magnesium  silicate.  Test  sample  between  finger  and  thumb 
For  grit.  Analysis  aKouId  approximate  to:  Ignition  loss  6  per  cent,  silica  60  pa 
cent,  AliOj  9  per  cent,  MgO  25  per  cent.     (See  page  293.) 

Asbestos.  Determine  water  of  hydration,  SiOi,  Fe  and  Mg.  (See  page  1187.) 
Rubber  pigments  may  be  tested  by  experimental  mixing  and  vulcanization. 

Zinc  Onde  is  completely  soluble  in  10  per  cent  acetic  acid,  without  effervescence. 
Fe,  Cu  and  Pb  should  be  absent. 

Lithopone  is  obtained  by  mixing  BaS  and  ZnSO<  in  molecular  proportions  and 
should  therefore  consist  of  an  intimate  mixture  of  BaSO.  (70.5  per  cent)  and 
29.5  per  cent  ZnS.  Determine  soluble  barium  salts,  soluble  zinc  salts^  barium 
carbonate,  moisture,  acidity,  insoluble,  and  total  sulphide.     (See  page  1186.) 

Antimony  in  Rubber  Goods.'  Three  grams  of  the  finely  rasped  rubber  are 
treated  in  a  Kjeldahl  flask  with  40  to  45  cc.  of  strong  sulphuric  acid.  A  small 
quantity  of  mercury  or  mercury  salt  is  added,  together  with  a  small  piece  of  par- 
affine  wax.  The  mixture  is  heated  until  the  rubber  ia  dissolved  and  the  black 
liquid  begins  to  clear.  Two  to  4  grams  of  pota.'tsium  sulphate  are  then  added  and 
the  heating  continued  until  a  colorless  or  pale  yellow  liquid  is  obtained.  After 
cooling,  1  to  2  grams  of  pota.ssium  metabisulphite  are  add^d  and  an  excess  of  tar^ 
taric  acid.  The  liquid  is  diluted  sufhciently  to  prevent  the  charring  of  the  tartaric 
acid  and  boiled  until  the  odor  of  sulphurous  acid  has  disappeared.  A  few  cc.  ot 
dilute  hydrochloric  acid  are  added,  the  liquid  diluted  to  200  cc.,  filtered  through  a 
dry  filter,  and  I9g  cc.  titrated  either  with  iodine  or  with  potassium  bromate  {the 
latter  in  acid  solution),  as  described  under  the  volumetric  procedures,  21,  25. 

Zinc  sulphide  is  liable  to  contain  ZnO  as  impurity.     (Page  597.) 

Determination  of  Zinc  Sulphide.  Take  average  sample  and  dry  5  grams  for 
moisture;  weigh  0.2  gram  into  a  stoppered  bottle,  and  shake  with  50  cc.  N/10 
iodine  solution.  Add  5  cc.  cone.  HCl  and  allow  tmttle  to  stand  two  hours  with 
occasional  shaking.  Titrate  excess  of  iodine  with  sodium  thiosulphate.  One  grom 
I=0.384  gram.  ZnS.    (See  also  page  605.) 

Antimony  Sulphides.  Crimson  Sb^j  (prepared  by  boiling  SbCli  and  Xa,S^,). 
Orange  (by  boiling  powdered  stibnite  with  polysulphides  and  precipitating  the  eul- 
phantimonate  with  mineral  acids).  Plastered  antimony  contains  30-50  per  cent 
CoSO,.  Antimony  sulphide  is  tested  for  free  sulphur,  Sb,  CaSO*  and  sulphide- 
sulphur.  Free  sulphur:  Extract  2  grams  with  CSj  (freshly  distilled);  drying  ex- 
tract at  60°  C.  Expel  solvent  from  residue  in  thimble  and  dissolve  J  gram  in  cone. 
HCI,  boil,  add  2  grams  tartaric  acid  and  150  cc.  distilled  water.  Filter  and  weigfc 
siliceous  residue.  Pass  US  and  determine  Sb  gravi  metrically  or  volumetricalls'- 
(See  page  21.) 

>  The  Original  procedure  may  be  found  in  Chem.  News,  Vol.  XXI,  p.  124. 
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Approximate  rapid  methods: 

(1)  Heat  in  porcelain  crucible  1  gram  with  HNOi  (1.4)  and  ignite.  Residue'^ 
SbOj+CaSO,. 

(2)  Mix  1  gram  with  2  grams  pure  AmCI  in  a  porcelain  crucible,  ignite  (SbCli  is 
volatilized).    Residue-CaSO^+Silica.    Toti^  B  br-igM^im  with  HlHOt,  etc. 

Rooge.— Detennine  Fe  by  boiling  0.5  gram  with  500  cc.  HCl  (1.20).  Add 
AmOH.  Filter,  ignite  and  weigh.  Add  HF  and  HiSOi.  Ignite  and  weigh 
(kss=Hiliea).  Divide  the  filtrate  into  two  equal  parts  and  determine  Ca  and  80,. 
(See  page  2470 

Vermilioa  should  contain  no  free  sulphur,  ash,  soluble  Hg  salts  nor  aniline  dyee. 
(Seepage  1192.) 

Lampblack.  Test  for  grease  by  extracting  2  grams  with  acetone.  Ignite 
2  grams  for  ash  or  shake  2  grams  with  acetone  In  100  cc.  flask,  make  up  to  101  cc. 
Add  1  drop  dil.  HCl,  allow  to  settle  and  pipette  50  cc.  intA  a  tared  flask.  (See 
page  1196.) 

In  booe-black  determine  amorphous  carbon,  calcium  phosphate  and  calcium 
carbonate.  Carbon  is  determined  by  dissolving  out  the  mineral  matter  with  HCL 
Ignite  residue  and  deduct  ash. 

BSagnesium  Compounds.  French  chalk  (silicate  of  Mg).  Determine  moisture, 
ignition  loss,  magnesium  carbonate  and  oxide.  Find  sp.  gr.  and  degree  of  fineness 
by  fiotetion  method.    Determine  COi  in  Schroetter  apparatus.    (See  page  124.) 

lime  is  used  as  a  hastener  of  vulcanization.  Determine  CaO  in  presence  of 
carbonate  by  dissolving  out  with  a  solution  of  cane  sugar.  Estimate  SiOi,  car- 
bonate, Mn,  ajid  Cu. 

Ziac  Compounds  generally  are  tested  for  ZnSOt,  Pb,  Fe.  Estimate  Zn  by 
Ferrocyanide  method.  (See  p^e  603.) 

"  FlowerB  of  Su^ur  "  is  obtained  by  sublimation.  It  contains  moisture  aad 
free  H,SOi  (determine  by  shaking  10  grams  with  20  cc.  alcohol  neutral  to  Phenolph- 
thoJein:  Filter  and  titrate  with  N/10  NaOH).  Maximum  acidity  allowable=0.2 
per  cent.    There  should  be  no  rcf^idue  on  ignition.     (See  page  519.) 

Sulphur  chloride  distilb  between  130°  and  140°  C.  Maximum  re«due=5  per 
cent  and  consists  of  sulphur.  Determination  of  CI  and  S  (Weber's  Method). 
Weigh  5  grams  S/^i  into  a  100-cc.  flask,  shake  with  benzene  100  cc.  Pipette  10  cc. 
into  25  cc.  N.  alcohoUc  KOH.  Digest  on  water  bath  for  one  hour.  Distill  solvent 
and  dry  at  100°  C.  Add  100  cc.  hot  water  and  two  drops  of  HNO..  Add  10  cc.  of 
10  per  cent  CuSO,  solution,  filter  and  determine  CI  by  Gay-Lussac  or  Volhard 
method.    Chemically  pure  SiCU  contains  52.5  per  cent  CI.    (See  also  page  149.) 

I  Examination  of  Solvents 

I  S(Anot  naphtha  is  the  xylene  fraction  of  coal-tar  spirit  and  95  per  cent  of  it 
(UbUUs  between  125°  C.  and  150°  C.  90  per  cent  benzene  is  so  called  because  90 
pet  cent  of  it  distills  below  100°  C.  Similarly  with  60  per  cent  benzol  CSi  as  an 
™puri^  in  naiJitha  is  estimated  thus:  Add  1  cc.  pbenylhydrazine  to  100  cc. 
Mphtha— allow  it  to  stand  one  day.  The  crystalUne  deposit  (the  pbenylhydrazine 
■lit  <rf  phenyl'thiocarbazidic  acid)  is  filtered  off  and  weighed.  Multiply  by  0.26 
'wCS,.  CS,  (B.  P.  46°  C;  sp.gr.  =  1.27)  should  not  have  an  offensive  odor.  The 
■  diitniation  residue  should  be  less  than  1.5  per  cent.  Detection  and  determination 
■•sbove.  (Caspari.) 
CCl  (B.  P.  77°  C.  sp.  gr.  1.63)  should  leave  no  residue  on  distillation. 


Vulcanized  Rubber 

The  propertlea  of  manufactured  rubber  vary  with  the  oontento  utd  vokau- 
satioa  process.  Oxygen  or  air  causes  the  rubber  to  be  hArd  and  Inittle  eifiedaQf  in 
the  case  of  low  grades.  Free  H,S0|  and  traces  of  copper  increase  the  tendeocjr  to  ondft- 
tioD.  Light  uIho  favors  the  chajige  and  sunhght  increases  the  acet«ae  extiucC'(deimb- 
tion  of  rubber  to  resins).  Soft  rubber  is  stable  towards  dilute  adds  and  alkalii-  Rub- 
bers containing  CaO,  MgO,  ZnO  ore  affected  by  acids.  Sbong  H]£0(  ofaius  nriitNr 
and  UNOi  o.'cidizes  it. 

Spedfic  Gravity  of  Rubber.  Introduce  into  a  pykoometer  5  grams  of  the  lubber, 
cut  into  small  pieces  (not  ground).  Take  care  that  no  air  bubbles  are  included. 
Calculate  sp.  gr.  (water  at  15°C.  =  1). 

^  The  most  important  physical  properties  of  vulcaniMd  rubber  are  stability  to  diUgB 
of  temperature,  impermeability  to  water  and  gases,  electric  insulatioo.  Weltvukaniicd 
rubber  absorbs  very  little  water  at  ordinary  pressure  but  gutta-percha  is  prefened  for 
deep-sea  cables  under  high  pressure.  Permeability  to  gases  (N'-IOOO,  staiMlaid) 
CO  U 13,  air  1149,  CH^  2148,  O  2556,  H  5500,  CO,  13,580.  From  theae  BguiM  it  is  seen 
that  difFusion  is  supplementsd  by  another  action — adsorption  (Ditmar).  Paraffin 
lessens  the  permeability.  Rubber  is  inferior  to  gold-beater's  skin  for  balloons.  In 
presence  of  oxygen,  ultra  violet  light  has  a  less  effect  upon  vulctmiied  rubber  than  on 
the  crude  substance.     A  chrome-yellow  ultra-violet  light  screen  is  used  for  baOoonfl. 

Vulcanisation  was  introduced  by  Goodyear,  1839,  who  secured  no  patmt  nntH  1844. 
Thoa.  Hancock,  in  1843,  patented  a  process  in  England;  Parkes  in  1846.  The  nae  ti 
moldr^  in  curing  was  introduced  by  Hancock  in  1S4S.  Hollow  goods  were  fiist  made  by 
Goodyear  in  1848  and  ebonite  in  1851. 

Chief  Methods  of  Vulcanization. — 1.  Heating  with  sulphur,  with  or  without  aulidnir 
carriers,  such  na  lead  compounds,  either  in  hot  air  by  means  of  steam  and  preasuie. 

2.  Cold  cure,  by  means  of  sulphur  chloride  dissolved  in  CSi.  Cold-cured  goods  «»• 
tain  chlorine  as  well  as  sulphur.  The  chanEC  from  rubber  hydrocarbon  to  ^Mi&ite  is 
prolxAly  represented  by  the  following  formuue. 
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Wo.  Ostwald  is  of  opinion  that  the  process  is  adsorption,  giving  a  wnole  a 
of  sulphur-additions,  the  members  of  which  have  not  yet  been  isolated. 


Analysis  of  Vulcanized  Rubl^er.    (Manufactured  goods) 

Sunple  and  its  Prepuation.  Sampling  tor  analytU.  If  the  material  ib  hard : 
obonite  raapinga  and  shavings  are  well  naixed  or  the  ebonite  is  broken  up  by  slowly 
grinding  in  a  Bmall  coffee-grinder.  Soft  rubbers  should  not  be  worked  on  the  mill, 
w  they  heat  up  (increase  in  acetone  extract).  They  may  be  broken  up  by  passing 
through  a  household  mincing  machine.  A  good  sample  is  obtained  by  selecting 
lepfcsentative  portions  and  cutting  these  with  scissors  into  the  smallest  possible 
particles.  The  object  of  analgiiJ  is  the  detection  or  control  of  constituents, 
and  may  comprise  the  following  determinatlona:  Moisture,  ash,  acetone  extract, 
free  sulphur,  total  sulphur,  alcoholic  potash  extract. 

Acetone  extractioo  removes  (ree-sulphur  resins,  oils,  waxes,  mineral  rubbers 
and  subetitutes.  Soft  rubber  requires  at  least  eight  hours  and  ebonite  two  days 
for  extraction.  The  process  may  be  hastened  by  digesting  with  acetone  at  100°  C. 
in  a  sealed  bottle. 

Make  two  extractions  on  2-grara  samples  and  treat  as  in  the  case  of  crude 
lubber.  If  the  acetone  extract  is  fluorescent  the  presence  of  coal-tar  pitch  is  indi- 
cated. A  yellow-colored  extract  indicates  bitumen.  On  cooling,  crystals  of  sul- 
phur or  paraffin  wax  may  appear. 

Unite  the  two  extracts  and  add  50  cc.  ale.  KOH  (almost  colorless).  Boil  under 
rafiuz  for  two  hours.  Distill  the  alcohol.  Heat  the  residue  with  10  cc.  distilled 
water,  cool  somewhat  and  add  ether  [20  cc).  Shake  until  waxes,  etc.,  are  in  solu- 
tkm  and  transfer  the  whole  to  a  separator;  wash  out  the  flask  with  ether  and  warm 
watCT.  Shake  and  allow  the  contents  to  separate.  Draw  off  the  aqueous  solution 
into  another  separatory  funnel,  leaving  the  flocculent  portion  in  the  first  separator. 
Add  pure  ether  to  the  second  funnel  and  unite  ether  layer  with  ethereal  layer  in 
first  funnel.  Fllt«r  the  ethereal  portion  (through  small  plug  of  cotton  wool)  into  a 
weired  flask.  Evaporate  the  solvent,  dry  at  100°  C.  and  weigh  the  unsaponjfiable 
matter  in  the  acetone  extract.  (Reserve  this  residue  for  estimation  of  hydrocar- 
bons,— paraffin.)  The  unsaponifiable  residue  from  the  alcoholic  KOH  may  con- 
tain hydrocarbons  and  unsaponifiable  resins.  The  resins,  and  part  of  the  hydro- 
carbons are  soluble  in  alcohol  and  may  be  thus  estimated : 

Add  3  cc.  cone.  HiSO.,  cover,  and  heat  for  four  hours  at  110°  C.  in  an  air  oven. 
Cool,  and  add  30  cc.  petrol.  Boil  under  reflux  for  one  hour.  Pour  off  the  petrol 
portion  carefully  into  a  separator,  wash  it  with  15  per  cent  KOH  to  which  an  equal 
volume  of  alcohol  has  been  added.  Draw  off  the  petrol  solution  and  evaporate  it 
in  a  tared  flask.  The  increase  in  the  weight  of  the  flask  =  hydrocarbon  (paraffin 
wax  or  mineral  oil).  The  aqueous  portion  in  the  separatory  funnels  contains  the 
free  sulphur  and  the  saponifiable  part  of  the  acetone  extract  (as  potassium  salts). 
Evaporate  the  aqueous  liquid  to  small  bulk,  transfer  it  to  a  nickel  dish,  add  2  grams 
KNOi  and  evaporate  to  dryness  upon  an  asbestos  card  from  which  a  convenient 
central  bole  is  cut;  heat  to  quiet  fusion.  Dissolve  the  melt  in  hot  water,  and 
tnnafa  it  to  a  porcelain  dish.  Acidify  with  HCl,  evaporate  to  dryness  and  dehy- 
drate in  an  air  oven  (150°  C.  for  one  hour).  Add  2  cc.  cone.  HCl,  take  up  with  water, 
filter  and  wash.  Bulk  should  be  200  cc.  Boil  and  add  slowly  from  a  pipette  a 
alight  excess  of  BaCli  10  per  cent  solution.  Treat  the  BaSOi  in  the  usual  manner. 
Calculate  sulphur. 

The  free  snlplitir  may  be  estimated  directly  upon  the  acetone  extract. 

TUecfMnatt  HeQiod.  ■  To  the  acetone  extract  add  25  cc.  95  per  cent  alcohol  and 
■Davis  and  Foucar.  J.  S.  C.  I.  ,1912,  p.  100. 
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»  luicp  (1  gram)  of  KCN.     Boil  under  reflux  for  half  an  hour.     Remove  excess  of 
cyanide  and  boil  off  alcohol.    The  sulphur  now  exists  as  KCNS.    Dilute  and  add 

1  cc.  HNO.  and  a  little  Fe  alum.    Titrate  with  N/IO  AgNO,.    S  =  t-~= 

Ozidatkni  Method.  Heat  acetone  extract  with  5  cc.  cone.  HNOi  and  a  Uttie 
powdered  KClOi.  Cover  and  heat  on  a  hot  plate  for  six  hours.  Dilute  with  weak 
HCl,  filter  and  precipitate  with  BaCli.  Test  the  original  substance  or  the  residue 
from  the  acetone  extract  with  CSj, — a  brown  solution  indicates  bitumen  or  pitch. 
The  acetone  has  removed  part  of  the  bitumen.  If  bitumen  is  indicated  air-diy  the 
residue,  plug  the  thimble  and  extract  with  CSi  for  six  to  ten  hours.  (Note: 
Vulcanized  rubber  is  insoluble  in  CSi),  Distill  the  solvents,  and  weigh  the 
eitract. 

Th«  Residue  from  Acetone.  {Chloroform  Extraction.)  Extract  with 
chloroform  (60  cc.)  for  four  hours.  Distill  the  solvent  and  weigh  the  extract,  which 
will  contain  that  part  of  the  bitumen  (brown  color)  that  was  insoluble  in  acetone. 
Any  uncured  rubber  present  will  be  dissolved  out  by  chloroform,  although  even  a 
properly  cured  compound  will  yield  a  little  extract  to  chloroform. 

Alcoholic  KOH  Extraction.  The  residue  from  the  chloroform  extraction 
consists  of  rubber,  factice  and  mineral  charge.  It  is  now  boiled  (in  a  flask  fitted 
with  a  ground-in  reflux  condenser),  with  50  cc.  ale.  KOH  for  four  hours.  Pass  the 
solution  through  a  filter,  wash  with  absolute  alcohol  and  subsequently  with  hot 
water.  Evaporate  the  solution  to  a  pasty  condition  to  expel  the  alcohol.  Take 
up  with  hot  water  and  transfer  the  liquid  to  a  separator.  Acidify  with  dilute  HCl, 
make  up  to  100  cc.  with  water,  aad  allow  the  liquid  to  cool.  Add  50  cc.  ether  and 
shake.  Draw  off  aqueous  solution  and  treat  it  with  ether  again.  Unite  the  ether 
solutions  in  a  separator  and  wash  with  water  until  the  ether  solution  is  acid  free. 
Filter  ethereal  solution  into  a  tared  flask,  washing  tlie  filter  with  ether.  Allow 
the  ether  to  evaporate  gently.     Dry  the  residue  at  95°  C.  and  weigh. 

The  residue  in  the  flask  conaiste  of  the  free  fatty  acids  of  "  factice."  Multiply 
by  1.2  if  CI  was  found  in  the  ale.  KOH  extract,  or  by  1.3  if  CI  was  absent. 

The  material  left  in  the  flask  in  which  the  saponification  with  ale.  KOH  took 
[dace  consists  of  rubbier-hydrocarbon,  combined  sulphur  and  mineral  charge. 

The  coefficient  of  vulcanization  involves  three  determinations: 

1.  Total  combined  sulphur. 

2.  "  Inorganic  "  sulphur. 

3.  Rubber  hydrocarbon. 

The  total  combined  Bul^ur  is  determined  in  the  residue  from  the  ale.  KOH 
extraction. 

Heniique'B  Method.  Weigh  out  1  gram  of  the  material  into  a  lai^  porcelain 
Ducible.  Add  15  cc.  HNOi.  Cover  and  gradually  heat  until  evaporated.  Add 
Blowly  5  grama  Na^Oi+KNOi  (2  :  1).  Heat  until  action  starts,  withdraw  flame 
and  cover  the  crucible.  Heat  to  fusion  and  pour  the  melt  into  a  beaker  of  water, 
Uxiviate,  filter  and  estimate  3  as  BaSOi.  Reserve  the  residue  for  the  detennin&' 
tJOQ  of  Pb,  Zn,  Ba,  Mg.     (See  pages  55,  271,  291.) 

»_  «■  ■     .     r      .       ■    .-         S  combined  with  rubber      _„  ,  , 

The  coefficient  of  vulcamzation  = ;— ,-,     —    .     When  no  sulphur 

Rubber  pr^ent 
ii  |»«ent  in  the  organic  or  mineral  fillers  the  estimation  is  simple.    The  combined 
flilphur  corresponds  to  the  f^ulphur  of  vulcanization  and  equals  "  total  sulphur- 
free  sulphur."     If  substitutes  are  present,  estimate  the  sulphur  of  vulcanization 
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on  the  dried  sample  after  the  alcohtriic  NaOH  treatment  and  calculste  the  reinh 
on  the  original  amount  of  rubber. 

If  mineral  matter  containing  sulphur  be  present: 

1.  Estimate  the  combined  sulphur  and  sulphur  in  the  minet^l  matter  afta 
removal  of  rubber  by  kerosene.    Difference = combined  sulphur  of  vuicaniiation. 

2.  Separate  rubber  from  the  mineral  by  solution  in  xylene  (under  iHtOBure). 
Isolate  the  rubber  from  the  solvent  by  distillation  in  steam.     Then  estimate 

the  sulphur  of  vulcanization  directly  on  the  rubber.     See  J.  S.  C.  I.,  1911, 

The  isolation  of  the  solid  compounding  materials  is  effected  by  means  of  pebxt- 
leum.  Take  2  granis  of  original,  or  equivalent  amount  of  acetone-extracted  mataiiL 
Soak  overnight  in  10  cc.  petroleum  (B.  P.  200°  C).  Heat  under  refiux.  Riue 
the  contents  into  a  tube  and  centrifuge  for  half  an  hour.  Pour  off  Buperaatant 
liquid  and  repeat  with  more  petroleum.  Weigh  the  residue,  which  consiBtsctfiDor- 
ganic  matter,  starch,  carbon,  etc. 

Mineral  Matter. — Incineration  may  produce  change  in  the  mineral  eonstit 
uents.  MgCOi  would  lose  COt:  some  Sb  and  Hg  compounds  being  reduced  by 
carbonaceous  matter  would  volatilize  even  at  low  temperature,  and  sulphide* 
would  gain  in  weight  on  oxidation  to  oxide  or  sulphate.  Therefore  ashing  will  give 
only  approximate  results.  Incinerations  should  be  slowly  carried  out  at  a  low  red 
heat.  The  vapors  should  not  inflame.  Take  1  to  5  grams  according  to  sp.  gr.  of 
rubber  and  heat  in  a  fiat  porcelain  dish.  Transfer  the  char  to  a  muffle  and  bum 
off  the  carbon. 

Solvent  Method.  Take  the  acetone-extracted  material.  Two  grams  are  finely 
divided  and  covered  in  a  50 cc.  conic^  fiask  with  10  cc.  kerosene  (B.  P.  =■200''  C). 
Soak  overnight.  Reflux  on  sand  bath  with  frequent  shaking  for  two  hours.  Cod 
and  settle.  Transfer  to  centrifuge  tube  and  whiri.  Pour  off  liquid  (or  siphon). 
Add  fresh  petroleum  and  centrifuge  again;  and  weigh  residue. 

Total  Sulphur.  Weigh  into  a  conical  beaker  1  gram  rubber  and  add  15  cc. 
fuming  HNOj,  cooling  under  tap  if  necessary.  Warm  on  a  water-bath,  transfer 
to  a.  porcelain  basin  and  evaporate  twice  with  fuming  HNOi  to  a  syrup.  Mix  with 
5  grams  of  fusion-mixture  and  fuse.  Lixiviate  and  filter  (if  Pb  or  Ba  is  present). 
Acidify  with  HCI  and  evaporate.  Add  5  cc.  HCl  and  dissolve  in  water.  Filter 
and  add  BaCU.     Proceed  as  on  page  341. 

Stevens'  Method  for  the  determination  of  total  sulphur  in  vulcanised  rubber 
(Analyst  191S,  43)  is  as  follows:  Half  a  gram  of  the  sample  is  digested  with  20 
cc.  HXOi  (1.42)  and  0.5  gram  KCtOt  is  added.  Boil  for  three  hours  under  refiux 
condenser.  Evaporate  dry  in  a  porcelain  basin  with  the  addition  of  3  grams  of 
magnesium  nitrate.  Heat  residue  cautiously  over  a  naked  fiame.  (The  magne- 
sium salt  moderates  the  combustion.)  Any  unbumt  carbon  is  destroyed  by 
digestion  with  HNOj  and  KClOj.  The  excess  of  acid  is  expelled.  Add  10  cc. 
strong  HCl  and  cover  the  dish  with  a  clock-glass.  Gently  heat  until  the  red 
fumes  cease  to  be  evolved.  Dilute  liquid,  filter,  make  up  to  300  cc.  Heat  to 
boiling  point  and  precipitate  BaSO<  with  5  cc.  BaCli  eol.  (10%).  Allow  to  stand 
overnight  and  filter. 

Note  on  Total  Sulphur: 

The  CariuB  method  is  the  most  reliable,  but  it  requires  special  apparatus.  "He 
rapid  method  of  Kaye  and  Sharpe  is  carried  out  as  foUowB:  0.25-0.5  gram  of  the 
finely  divided  sample  is  intimately  mixed  with  5  parts  by  weight  of  pure  linc  oxide  uKl 
four  parts  of  KNO,  in  a  porcelain  crucible  and  a  thin  layer  of  ZnO  replaced  on  the 
surface.    Cover  the  crucible  and  heat  it  gently  until  the  reaction  commences,  when  tbe 


flame  is  t«moved  for  a  time.  Subsequeotly  heat  with  the  full  flame  for  five  minutes. 
Cool.  Dissolve  the  oootents  of  the  crucible  in  dilute  HCI  and  precipitate  the  sulphur 
uBaSO.. 

Chlorine.  Heat  3  grams  of  the  finely  divided  rubber  with  fusion  mixture  tuid 
fuse.  Lixiviate,  and  acidify  with  HNOi.  Precipitate  with  AgNOi.  This  may  be 
nin  on  the  alcoholic  NaOH  extract  when  substitutes  are  present.  Evaporate  the 
extract  to  dryness  and  proceed  as  above. 

Estunation  of  the  Rubber,  (ffiibener'a  Method).  0.2  gram  finely  divided 
lubber  is  extracted  with  acetone.  Boil  with  a  little  water  until  wet  in  a  conical 
beaker.  Close  the  beaker  with  a  stemless  funnel,  and  allow  to  cool.  Add  more 
vattf :  Uien  5  to  10  cc.  bromine.  Gradually  heat  to  boiling,  and  break  up  the 
[«ecipitate  with  the  round  end  of  a  test-tube.  Wash  and  transfer  precipitate  to 
the  beaker  and  again  treat  with  Br.  Filter,  wash  free  from  bromine  (test  with 
AgNOi).  Transfer  the  precipitate  (with  filter)  to  the  beaker.  Add  20  cc.  cone. 
HNO.  and  20  cc.  N/10  AgNO..  Boil  down  with  HNO,  until  only  AgBr  remainfl. 
Dilute  and  titrate  cold  with  AmCNS,  using  iron-alum  indicator.  We  know  the 
amount  of  bromine  from  the  tetrabromide  by  the  amount  of  Ag  consumed  by  it 
(—20  cc.  minus  the  Ag  found  by  titration).  We  also  know  the  amount  of  S  in 
the  precipitate.  Assuming  that  the  sulphur  is  attached  at  the  double  bonds  and 
that  the  bonds  unsatisfied  by  sulphur  are  satisfied  by  Br,  then 

Each  atom  of  S  corresponds  to  }  mol  CioHi,,  giving  CioHitSi. 

32  136      

Each  atom  Br  corresponds  to  1  mol  CmHh,  giving  Ci*HitBrt. 

80  136        

Therefore 

Rubber  present  corresponds  to 


4  '^tol' 


0.2  gram  of  the  or^nal  rubber  is  treated  in  the  same  way  except  that  the  filtrate 
is  preserved,  and  the  tetrabromide  is  discarded.  The  filtrate  contains  the  free  sul- 
phur. The  difference  between  this  and  the  total  sulphur  "the  sulphiu*  in  tetra- 
bromide. 

Analysis  of  Rubber  Sohitions.  These  consist  of  a  5  to  10  per  cent  solution  of 
rubber  in  benzene  or  petrojpum,  carbon  disulphide,  carbon  tetrachloride  or  mix- 
tures of  these  solvents.  Take  30  grams  of  rubber-solution  and  distill  with  steam. 
Separate  the  turbid  liquid  from  tiie  clear  and  re-distill.  Determine  the  ap.  gr.  of 
thesolrent.  Take  20  grams  of  rubber  solution  and  spread  it  out  on  a  Petri  dish, 
cover  and  weigh.  Evaporate,  draw  off  film  and  dry  to  constant  weight.  The 
d.-y  retidue  is  analyzed  by  the  usual  methods.     Calculate  percentage  of  solvent. 

Smnite.  The  acetone  extraction  should  continue  for  twenty-four  hours. 
Mineral  matter  is  determined  by  incineration,  Sb,  Hg,  and  carbon  being  separately 
determined.  Casein  sometimes  occurs  as  a  filler  and  would  be  indicated  by  hi^ 
nitrogen  content  (Kjcldahi),  Factor=6.7.     (Caspari.) 

Estimation  of  Carbon  in  rubber  goods.  Comminute  2  grams,  evaporate 
twice  with  20  cc.  HNOi  in  a  porcelain  basin.  Rinse  into  a  beaker  and  boil  with 
860  cc.  water.  Filter  through  a  tared  paper  and  wash  with  hot  water.  Rinse 
ootents  into  another  beaker  and  boil  with  excess  AmOH  (dilute).  Add  0.25  gram 
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AmCl.  Remove  fatty  matter  by  ether,  Settle  and  pour  the  clear  liquid  thfou^ 
the  original  filter.  Boil  residue  with  AmOH  and  AmCl  and  filter  again.  Boil 
the  residue  with  dilute  HCl  (100  cc.)  and  filter  through  the  original  paper.  Wadi, 
dry  and  weigh  (=BaSO«+CaSOi+carbon).  Incinerate  and  weigh.  Differoice 
= carbon. 

Detennination  of  Antimony  and  Mercury  in  Rubber  Goods.  Heat  2  grams 
rubber  n-ith  20  cc.  cone.  HiSOi  in  a  Kjeldahl  flask.  Boil  for  three  hours.  Cool, 
add  1  gram  KMnO.  crystals  gradually.  Boil  for  ten  minutes.  Cool  and  take  up 
with  300  cc.  water.  Boil  and  filter.  Precipitate  the  Sb  and  Hg  by  H^  and 
determine  in  the  usual  way  if  present  alone.  If  together,  collect  the  mixed  sul- 
phides on  a  tared  filter;  wash  and  rinse  into  a  beaker.  Warm  with  NaiS  scdution. 
Filter  and  wash.  Reprecipitate  the  Sb  by  HCl  and  determine  as  on  page  251. 
The  sulphide  residue  contains  the  Hg.  Boil  with  HCl  (1  : 1).  Filter  and  pass 
H^.  Collect  the  precipitate  and  add  it  to  the  HgS  undissolved  by  the  Na^ 
solution.  Wash  with  very  dilute  HCl,  remove  the  water  by  alcohol,  CSj,  dry 
and  weigh.    (Or  use  method  on  page  310.) 

Analysis  of  Mechanical  Goods 

Acetone  Extract  Place  2  grams  material  in  a  paper  thimble  and  extract  with 
acetone  for  eight  hours.  Traasfer  the  extract  to  a  tared  Bunk.  Drive  off  the 
solvent  and  dry  the  fla.sk  at  90°  C.  in  vacuo.     (Acetone  extract  uncorrected.) 

Free  Sulphur.  Add  to  the  flask  contuning  the  acetone  extract  (uncorrected) 
60  cc.  distilled  water  and  3  cc.  Br.  Heat  until  colorless.  Filter,  and  cover  with  a 
watch  glass.  Heat  to  boiling  on  a  steam  bath.  Add  10  cc,  of  10  per  cent  BaCli 
solution,  and  allow  to  stand  several  hours.    Filter  and  treat  the  BaSOt  an  usual. 

Total  Sul[Aur.  0.5  gram  rubber  Is  weighed  Into  a  porcelain  crucible  (100  cc.). 
Add  20  cc.  nitric  acid  and  bromine  solution.  Coverwitha  watch  glass  and  allow  the 
whole  to  stand  for  one  hour.  Heat  gently,  rinse  the  cover  with  distilled  water  and 
evaporate  to  dryness.  Add  5  grams  fusion-mixture  together  with  4  cc.  distilled 
water.  Digest  for  five  minutes.  Dry  in  a  steam  bath  or  upon  a  hot  plate;  fuse. 
Cool  the  crucible  and  place  it  in  a  large  beaker.  Cover  it  with  wafer  and  digest. 
Filter  the  liquid  and  make  up  (with  washings]  to  500  cc.  Add  excess  of  HCl  and 
heat.     Precipitate  with  BaCU,  etc. 

and  3 

syrup.  ,  .  .  ,  .  _._,. 

sea  oxides.  Evaporate  to  dryness.  Cool  and  take  up  with  50  cc.  10  per  cent  HCl. 
Heat  until  dissolved,  filter  and  dilute  to  300  cc.  with  distilled  water.  Precipitate  with 
BaCIt  in  the  usual  way. 

Ash.  One  gram  comminuted  rubber  is  wrapped  in  filter  paper  and  extracted 
with  acetone  for  four  hours.  Transfpr  the  rubber  and  filter  to  a  porcelain  crucible 
and  ignite  it  at  low  temperature.     Cool  and  weigh. 

Sulphur  in  Ash.  Add  a  few  drops  of  HNOj  to  the  ash.  Stir  and  expel  excess  of 
acid  by  heating  on  a  water  bath.  Add  5  grams  fusion  mixture.  After  fusion  treat 
the  melt  as  usual.    Barytes  is  calculate^l  from  the  content  of  barium  in  the  ash. 

1.  Subtract  the  free  sulphur  from  the  acetone  extract,  uncorrected. 

2.  Subtract  the  sulphur  in  the  ash  from  the  total  ash  to  obtain  "  aah  (sulphur* 
free)." 
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3.  Subtrftct  from  the  total  sulphur  the  percentage  of  sulphur  aa  barytea  (total 
sulphur  corrected).  Add  the  sulphur  so  deducted  to  the  ash,  reporting  the  ash  as 
"  ash  corrected," 

4.  Subtract  from  100  the  sum  of  acetone  extract  corrected,  total  sulphur,  ash 
(sulphur  free),  and  call  the  remainder  "  rubber  by  difference." 

Sulphide  Sulphur.  Stevens'  Method.  The  vulcanized  rubber  is  first 
swollen  in  a  suitable  solvent  in  which  the  aqueous  acid  is  partly  soluble.  By  this 
means  the  PbS  and  ZnS  are  decomposed.  The  solvent  used  is  methylated  ether. 
The  liberated  HS  is  estimated  and  calculated  to  percentage  of  sulphide  sulphur, 
by  absorption  in  lead  acetate  solution. 

Twenty  cc.  cone.  HCl  and  30  cc.  methylated  ether  are  placed  in  a  VoiKt'a  flask. 
Bxpel  the  air  by  a  current  of  COi.  Connect  the  flask  to  an  absorption  apparatuB  con- 
taining lead  acetate  solution.  Introduce  a  weijEhed  quantity  of  the  rubber  into  the  flarit. 
The  rubber  swells  gradually  and  after  fifteen  minutea  the  ether  together  with  the  evolved 
H^  is  driven  over  into  the  absorption  apparatus  by  a  gentle  heat.  Boil  the  mixture 
for  ten  minutes.  Collect  the  PbS,  wash  and  titrate  with  iodine.  The  residue  in  the 
flask  is  extracted  again  with  HCl  and  the  sulphate  is  determined  as  BaSOt. 

QUTTAPERCHA  AND  BALATA 

Guttapercha  is  obtained  from  the  latex  of  certain  plants  belonging  to  the  natural 
Mder  Sapotacete,  ErowinK  wild  in  the  Mal^  Peninsula,  Sumatra  and  Borneo      Balata 

is  obtained  from  Venezuela  and  Guiana.  The  hydrocarbon  present  in  guttapercha  and 
b^ta  is  similar  to  that  at  rubber,  but  a  larger  proportion  of  resin  is  associated  with 
Ibe  former.  When  cold  the  gutta  hydrocarbon  is  hard  and  tough  like  leather,  yet 
\  pliable,  whilst  elasticity  is  almost  entirely  absent.  On  warming  guttapercha  and 
\  Ulata  they  soften  and  become  plastic.  Guttapercha  is  used  chiefly  for  cable  coverings, 
■urpeal  and  chemical  utensils,  whilst  balata  is  used  chiefly  for  belting.  Although 
cuttuwrcha  and  balata  can  be  vulcaniied  their  value  is  not  thereby  increased.  There- 
fore the  material  is  used  afterit  is  merely  washed  and  dried.  No  compounding  materials 
tie  added,  but  the  material  is  sometimes  deresinated  in  order  to  produce  harder 
tDouldings. 

Samiding.  The  only  satisfactory  way  to  arrive  at  a  washing  loss  of  a  parcel 
of  guttapercha  is  to  wait  until  the  whole  of  the  consignment  has  passed  through 
'he  washing  mills  and  drying  ovens  and  then  to  calculate  the  shrinkage  from  the 
yi^li)  of  the  washed  and  dried  material.  The  shrinkage  ranges  from  25  per  cent  to 
50  per  cent. 

Antlysis.    Determinations  required:  Moisture,  resin,  dirt,  gutta  hydrocarbon. 

McBSture.  Weigh  out  3  to  5  grams  of  the  material  reduced  to  small  particles, 
iDd  dry  it  on  a  flat  dish  in  vacuo  at  90°  C.  for  sLi  hours,  or  heat  the  guttapercha  in  a 
Oirrent  of  dry  CO,. 

Acetone  is  the  most  trustworthy  solvent  for  the  extraction  of  balata  and  gutta- 
Pmha.  Ether  dissolves  a  part  of  tne  gutta  or  balata.  and  so  gives  h^h  result ',  whUst 
Witt  aloobol  the  gutta  becomes  plastic  on  account  of  the  higher  boiling  point  of  the 
■went,  and  the  extraction  is,  therefore,  incomplete. 

Rerin.  Extract  2  grants  of  the  finely  divided  sample  with  acetone,  as  in  the 
*«  of  rubber,  for  twelve  hours.  Evaporate  the  solvent  and  dry  the  residue  to 
wwtant  weight  at  110°  C. 

Gntt&:  R^iid  Method.  Boil  1  gram  sample  with  20  cc.  redistilled  toluene. 
Heat  to  100°  C.  on  a  water  bath  until  du-wolved.  Pour  the  solution  into  50  cc. 
^  per  cent  alcohol.    Allow  the  contents  of  the  vessel  to  st^nd  for  a  few  hours. 
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inn  and  afptate  to  clear  the  liquid.    Remove  the  clot,  redissolve  in  toluene  and 
precipitate  by  alcohol.    Dry  in  vacuo  and  weigh. 

Dirt  (generally  less  than  0.5  per  cent)  and  mineral  matter  are  determined 

incineration. 

The  residue  may  be  examined  (or  ZdO,  lithoponp,  antimony  sulphide  and  carbon. 

The  eumination  of  Balata  is  conducted  similarly. 

Worka  of  Reference  on  Rubber:  recommended,  and  to  which  acknowltdgmenU 
tdue: 

Rubber:  P,  Schridrowitz,  Ph.D.,  F.C.S. 
The  Chemistry  of  the  Rubber  Industry:  H.  E.  Potts,  M.Sc. 
Indiarubber  Laboratory  Practice:  W.  A.  Caspari,  B.Sc.,  Ph.D.,  F.I.C. 
Indianibber  and  Gutta  Percha:  Seeligmann,  Torrilhon  and  Falconnet. 
Rubber:  (Recent  research  on  its  chemistry.)    Duboee  and  Luttringer. 
The  Chemistry  of  Indiarubber:  C.  0.  Weber. 
Indiarubber:  H.  L.  Terry,  F.I.C. 

Methods  of  Analysis  of  Raw-rubber:  Spence.    Quarterly  Jour.,  vol.  II,  page  91. 
Caoutchouc  and  Guttapercha:  Tassilty.     1911. 
Die  Analvse  dea  Koutechuks,  etc.:  Ditmar. 
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C.  G.  Storm' 

The  methods  described  in  this  chapter  cover  all  of  the  more  common  types 
.  of  explosives  employed  in  the  United  States  for  both  commercial  and  milititry 
purposes.  Those  of  chief  commercial  importance  are  black  powder,  nitro- 
glycerin dynamites,  including  "straight"  dynamites,  ammonia  dynamiUe, 
gelatin  dynamites,  and  low-freezing  dynamites,  "  Permissible"  coal  mining 
explosives  and  nitrostarch  blaHting  explosives.  Military  explosives  include 
smokeless  powder,  guncotton,  trinitrotoluene,  picric  acid,  ammonium  picrate, 
"Amatol,"  tetryl  and  tctranitroaniline.  No  sharp  distinction  can,  howe\'er, 
be  drawn  between  commercial  and  military  explosives,  as  many  are  utilised 
for  both  purposes.  Many  tons  of  surplus  TNT.  have  been  used  recently  in 
commercial  work;  nitrostarch  explosives  found  important  application  for 
military  use  during  the  war;  mercury  fulminate  and  other  detonators  and 
priming  compositions  are  essential  in  every  field  of  explosives. 

The  methods  described  have  largely  been  used  by  the  writer  in  practical 
explosives  testing  and  analysis  in  connection  with  both  Government  and  private 
work.  MoHt  of  those  applying  to  commercial  explosives  have  been  approved 
by  the  United  States  Bureau  of  Mines  for  use  in  its  Explosives  Chemical 
Laboratory.' 

BLACK  POWDER 

The  composition  of  black  powder  varies  to  some  extent,  depending  etde&j 
on  the  purpose  for  which  the  explosive  Is  to  be  used.  Black  blasting  powder 
contains  sodium  nitrate,  charcoal  and  sulphur;  black  gunpowder  is  quite 
similar  except  that  potassium  nitrate  is  generally  substituted  for  the  sodium 
nitrate;  black  fuse  powder  is  similar  to  the  latter,  differing  mainly  in  its  granu- 
lation. The  same  general  method  of  analysis  is  therefore  applicable  to  all 
types  of  black  powder. 

Sampling.  From  50  to  100  grams  of  the  original  sample  is  crushed  in  email 
portions  in  a  porcelain  mortar  and  completely  passed  through  an  SO-mesh 
sieve,  care  being  taken  to  avoid  undue  exposure  to  the  air.  The  separate 
powdered  portions  are  promptly  bottled  and  the  entire  sample  is  finally  well 

Moisture.  The  standard  method  of  the  Bureau  of  Mines  is  to  desdccate  a 
2-gram  sample  on  a  3-inch  watch  glass  over  sulphuric  acid  for  three  dn>'s,  the 
loss  of  weight  being  moisture.  It  has  been  shown,  however,  that  equally 
accurate  results  can  be  obtained  by  drying  at  70°  C.  in  a  constant  temperature 
oven  to  constant  weight,  for  which  2-3  hours  is  usually  sufficient.  As  much 
as  5  hours  drying  at  70°  C  will  not  cause  loss  of  sulphur.  Drying  at  100°  C. 
gives  results  which  arc  slightly  high,  due  to  loss  of  sulphur. 

'  Received  March,  1920.    Published  by"  permission  of  Chief  of  Ordnance,  U.  S.  A. 

■Professor  of  Chemical  Engineering,  Ordnance  School  of  Applicalion,  Aberdeen 
Proving  (Jround,  Maryland. 

'See  Bureau  of  Mines  Bullelin  No.  51,  "The  Anulvsia  of  Black  Powder  and  Djua- 
milc,"  W.  0.  SnelUng  and  C.  O.  Storm,  1913,  and  Bulletin  No. 96,  "The  Anal}-su  of 
Permissible  Explosives,"  C.  G.  Slorm,  1016. 
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mtntes.  About  10  grains  of  the  finely  ground  sample  in  a  Gooch  crucible 
provided  with  an  asbestos  mat,  is  extracted  with  warm  water  by  means  of  suc- 
tion, the  water  being  added  in  15-20  cc.  portions  and  each  portion  being  allowed 
to  stand  in  the  crucible  a.  short  time  before  suction  is  applied.  About  200  cc. 
of  water  is  usually  sufficient,  but  the  last  drops  of  filtrate  should  be  tested  by 
evaporation  to  ensure  the  absence  of  nitrates.  A  blue  color  on  the  addition 
of  sulphuric  acid  containing  a  few  crystals  of  diphenylamine  will  also  indicate 
the  presence  of  nitrates. 

The  water  extract  includes  a  small  amount  of  water-soluble  organic  material 
from  the  charcoal  in  addition  to  the  nitrate.  It  is  made  up  to  250  cc.  and  an 
aliquot  portion  (50  cc),  evaporated  to  dryness  on  the  steam  bath,  treated 
with  a  little  nitric  acid,  again  evaporated,  heated  to  slight  fusion  and  weighed. 

If  allowance  for  impurities  in  the  nitrate  is  desired,  a  direct  determination 
oi  nitrate  may  be  made  on  a  separate  portion  of  the  water  extract  by  the 
Devarda  method  or  by  means  of  the  nitrometer,  but  for  all  practical  purposes 
the  evaporation  method  is  sufhcient.  The  usual  testa  should  be  made  to 
determine  whether  sodium  nitrate  or  potassium  nitrate  is  present. 

The  residue  left  in  the  crucible,  consiHting  of  sulphur  and  charcoal,  is  dried 
kt  about  70°  C.  to  constant  weight  {for  5  hours  or  over  night  if  more  con- 
venient), the  loss  of  weight  minus  the  moisture  content  being  the  water- 
soluble  portion.     Tliis  result  serves  as  a  check  on  the  evaporation  result. 

Sulphur.  The  residue  in  the  crucible  is  extracted  in  a  Wiley  extractor  or 
other  continuous  extraction  apparatus  with  carbon  disulphide,  until  evapora- 
tion of  a  small  portion  of  the  solvent  passing  through  the  crucible  shows 
sttsence  of  sulphur.  The  excess  of  carbon  disulphide  is  then  allowed  to  evap- 
orate from  the  crucible  in  a  warm  place  away  from  flame,  and  the  residue 
finally  dried  to  constant  weight  at  100°  C.  The  loss  of  weight  is  considered 
IS  sulphur. 

CluxcotL     The  dry  residue  in  the  crucible  should  consist  only  of  charcoal. 

Ash.  The  ash  in  the  charcoal  may  be  determined  by  ignition  over  a 
BuDsen  burner  until  all  of  the  carbon  has  been  burned  off,  and  weighing. 
This  ash  also  contains,  of  course,  any  non-volatile  matter  that  may  have  been 
present  in  the  sulphur  and  nitrate. 

Calculation  of  Results.  Since  a  portion  of  the  charcoal  is  always  dissolved 
in  the  water  extract,  it  is  customary  to  express  the  content  of  charcoal  by 
Bubtracting  the  sum  of  the  following  from  100%: 

%  Moisture  (by  desiccation  or  drying  at  70°  C). 

%  Nitrate  (by  evaporation  of  water  extract  with  HNOi). 

%  Sulphur  (by  loss  on  extraction  with  CSj). 
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NITROGLYCERIN   DYNAMITES 
"  Straight "  Dynamite 

So-called  "Straight"  nitroglycerin  dynamite  has  been  manufactured  to 
only  a  relatively  small  extent  in  this  country  during  the  past  tew  yeaia,  owiDg 
to  the  high  cost  of  glycerin.  It  has  been  largely  replaced  by  the  ammonia 
and  low-freezing  dynamites,  in  which  a  large  part  of  the  nitro^yoerin  is  re- 
placed by  ammonium  nitrate  and  nitrosubstitution  compounds.  Furtbennore, 
developments  in  the  manufacture  of  both  ammonium  nitrate  and  nitrocoin- 
pounds  during  the  war  have  rendered  unlikely  any  great  increase  in  the  manu- 
facture of  straight  dynamites.  They  are  still  largely  used, '  however,  where 
quick-acting  blasting  explosives  of  high  strength  are  required,  as  in  work  in 
hard  rock.  They  consist  essentially  of  nitroglycerin  absorbed  in  a  "dope" 
composed  of  a  combustible  absorbent,  usually  wood  pulp,  and  an  oxidiiing 
material  (sodium  nitrate),  to  which  is  added  a  small  amount  of  an  antaeid 
(calcium  carbonate,  zinc  oxide,  etc.).  The  analysis  is  best  carried  out  by  mic- 
cessive  extractions,  usually  with  ether,  water,  and  dilute  hydrochloric  add. 

Sampling.  The  wrappers  are  removed  from  a  number  of  the  cartridges, 
and  from  3  to  5  cm.  of  the  ends  of  the  exposed  roll  of  explosives  rejected.  The 
remainder  is  thoroughly  mixed  on  a  large  sheet  of  paraffined  paper  or  in  a  large 
porcelain  dish,  and  an  average  sample  selected  and  bottled — usually  about  one 
half  pound.  The  importance  of  thorough  mixing  of  the  sample  must  not  be 
overlooked,  in  view  of  the  fact  that  there  is  frequently  a  decided  tendency  for 
the  nitroglycerin  to  segregate  due  to  insufficient  or  unsuitable  absorbent,  so 
that  this  liquid  ingredient  may  not  be  uniformly  distributed  throughout  the 
cartridge.  Also  if  a  carefully  mixed  sample  has  been  allowed  to  stand  for  some 
days,  especially  in  a  warm  place,  segregation  may  occur  in  the  bottle,  so  that 
it  is  advisable  to  again  mix  the  sample  before  analysis. 

Qualitative  Examination.  Although  a  qualitative  analysis  of  a  sample 
known  to  be  straight  nitroglycerin  dynamite  is  usually  unnecessary,  the  exact 
nature  of  the  sample  may  be  unknown,  and  a  knowledge  of  the  composition  of 
some  of  the  more  complex  types  of  dynamite  is  necessary  before  a  quantitative 
analysis  can  be  properiy  conducted. 

About  25  grams  of  the  sample  is  shaken  with  several  successive  portions  of 
ether  in  a  large  stoppered  test  tube,  the  ether  being  decanted  off  through  a 
filter  paper  and  the  residue  finally  washed  on  the  filter.  The  ether  solution  ia 
allowed  to  evaporate  slowly  on  a  steam  bath  and  the  filter  paper  spread  out  on  a 
glass  plate  in  an  oven  su  that  the  residue  may  dry  quickly.  The  evaporated 
ether  extract  may  contain  nitroglycerin,  sulphur  (especially  in  the  lower 
grades  of  dynamite),  rosin,  vaseline,  or  paraffin  oil  (in  ammonia  dynamite), 
nitrotoluenes  and  other  nitrocompounds  (in  low-freezing  dynamites),  etc. 

Nitroglycerin  is  readily  detected  by  shaking  a  drop  of  the  liquid  with  one 
or  two  cc.  of  strong  HiSOi  and  about  1  cc.  of  mercury  in  a  test  tube,  an  evolu- 
tion of  brown  fumes  of  nitric  oxides  being  noted  if  nitroglycerin  is  present. 
Sulphur  wilt  appear  as  crystals  in  the  evaporated  extract,  and  may  be  identi- 
fied by  removing  them,  washing  with  acetic  acid,  and  noting  the  odor  of  SOi 
on  heating  in  a  flame.  Rosin,  vaseline,  oils,  etc.,  appear  as  a  greasy  scum  on 
the  surface  of  the  nitroglycerin  or  adhering  to  the  walls  of  the  beaker.  The^e 
substances,  like  sulphur,  are  practically  insoluble  in  acetic  acid  (70%),  and 
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may  be  separated  from  the  nitroglycerin  by  means  of  this  solvent.  Trini- 
trotoluene will  appear  in  the  nitroglycerin  as  long  yellowish  needles,  which 
may  be  removed,  recrystallized  from  alcohol,  and  identified  by  their  melting 
point  {approx.  80°  C),  or  by  the  red  color  produced  when  the  alcoholic  solution 
is  treated  with  a  little  caustic  soda  solution. 

The  residue  insoluble  in  ether  ia  replaced  in  the  test  tube  and  treated  with 
water  in  a  similar  manner  until  all  water-soluble  material  has  been  dissolved. 
The  water  solution  is  tested  for  sodium,  potassium,  barium,  zinc,  etc.,  and  for 
nitrates,  chlorides,  etc.,  using  the  general  methods  of  qualitative  analysis. 

The  residue  is  again  treated  with  cold  dilute  HCl,  any  effervescence  being 
Doted  as  indicating  the  presence  of  a  carbonate,  and  the  resulting  solution 
tested  for  calcium,  magnesium,  zinc,  etc.,  which  may  have  been  present  as 
earbooates  or  oxides  for  the  purpose  of  serving  as  antacids. 

The  residue  insoluble  in  ether,  water,  and  cold  acid  may  contain  wood  pulp, 
starchy  cereal  products,  sawdust,  nitrocellulose,  ground  vegetable  ivory  (button 
waste),  kieselguhr,  ground  nut  shells,  etc.  It  is  most  conveniently  examined 
by  means  of  a  low-power  microscope,  whereby  its  constituents  are  usually 
readily  determined.  Starch  is  easily  detected  by  heating  a  portion  to  boiling 
with  dilute  acid,  cooling  and  adding  a  few  drops  of  iodine  solution  (in  KI),  a 
blue  coloration  indicating  starch. 

Moisture.  Moisture  is  best  determined  by  desiccation  over  sulphuric  acid, 
a  sample  of  about  2  grams  being  spread  evenly  over  the  surface  of  a  3-inch 
watch  glass  and  desiccated  for  3  days.  Continued  desiccation  causes  a  gradual 
Io6H  of  nitroglycerin,  but  the  3-day  loss  may  be  safely  assumed  to  closely  repre- 
sent the  actual  moisture  content.  The  time  of  the  determination  may  be 
greatly  shortened  by  the  use  of  a  vacuum  desiccator,  in  which  case  24  hours 
desiccation  wilt  give  a  close  approximation  to  the  true  moisture  content. 

It  must  be  remembered  that  in  determining  moisture  in  the  presence  of 
nitroglycerin,  some  volatilization  of  the  latter  is  unavoidable,  and  that  there- 
fore the  method  followed  must  be  an  empirical  one.  An  attempt  to  desiccate 
the  sample  to  constant  weight  will  show  that  there  is  undoubtedly  a  continual 
loss  of  nitroglycerin.  This  has  been  demonstrated'  by  a  series  of  weighings 
of  a  sample  exposed  for  a  period  of  459  days  at  a  constant  temperature  of  33°- 
35°  C.  in  an  empty  desiccator  containing  no  desiccating  agent.  A  gradual 
loss  resulted  during  the  entire  period,  totaling  17.52%  of  the  original  weight 
of  the  sample,  the  original  moisture  content  of  which  was  about  1%. 

Extraction  with  Ether.  Ether  removes  from  dynamite  not  only  the  nitro- 
glycerin, but,  as  has  already  been  mentioned,  sulphur,  resins  (present  as  a 
component  or  as  a  constituent  of  the  wood  pulp),  oils  (usually  from  cereal 
products  present),  etc.  Nitrotoluenes,  parafhn,  vaseline,  etc.,  are  not  normal 
constituents  of  straight  dynamite  and  are  considered  under  the  type  of  ex- 
plosive in  which  they  are  most  likely  to  occur, 

Refiux  Condenser  Method.  J'rom  6  to  10  grams  of  the  sample  is  weighed  in 
either  a  porcelain  Gooch  crucible  with  asbestos  mat  or  a  porous  uiundum 
filtenng  crucible  of  about  25  cc.  capacity.  The  asbestos  mat  is  best  prepared 
w  follows:  A  mixture  of  1  liter  of  water  and  5  grams  of  previously  ignited  and 
■hredded  short  fibre  asbestos  free  from  hard  lumps  and  very  fine  material  is 
vdl  shaken,  and  about  10  cc.  poured  into  the  crucible.     Suction  is  applied 

"  Bulletin  No.  96,  Bureau 
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and  a  smooth  and  perfect  mat  almost  invariably  results.     The  cniciUes  thiu 
prepared  are  dried  at  100°  and  are  ready  lor  use. 

The  sample  in  the  extraction  crucible  is  extracted  with  about  35  cc  of 
ether  (U.  S.  P.)  preferably  in  a  continuous  extraction  apparatus  (Wiley  or 
similar  type  preferred],  for  about  45  minutes  to  1  hour,  water  being  continu- 
ously circulated  through  the  condenser  and  the  extraction  tube  heated  on  ■ 
water  bath,  or  electric  heater,  the  temperature  of  which  is  so  regulated  that  the 
sample  in  the  crucible  will  be  kept  covered  with. ether  without  overflowing. 

Suction  Method.  If  desired,  the  ether  extraction  may  be  carried  out  bj 
suction,  the  Gooch  crucible  being  held  in  a  carbon  tube  passing  through  the 
stopper  in  a  suction  flask.  About  100  cc.  of  ether  in  6  to  8  portions  is  pasKd 
through  the  crucible,  each  portion  being  allowed  to  stand  in  the  crucible  for 
one  minute  before  applying  gentle  suction.  No  more  air  than  is  necessary 
should  be  drawn  through  the  Rample  in  order  to  avoid  condensation  of  moisture 
in  the  sample,  which  might  dissolve  a  portion  of  the  water-soluble  salts.  This 
method  uses  considerably  more  ether  than  the  reflux  condenser  method  and  its 
chief  advantage  is  that  the  apparatus  required  is  more  simple. 

On  completion  of  the  extraction  the  crucible  is  at  once  placed  in  aflryiag 
oven,  or  the  excess  ether'  may  be  removed  by  auction  before  drying.  If  am- 
monium nitrate  is  present  the  drying  should  be  conducted  at  70°  C.  for  18 
hours  or  overnight,  but  otherwise  5  hours  at  100°  C.  is  ample.  The  loss  of 
weight  represents  all  ether-soluble  material  plus  the  moisture  in  the  original 
sample. 

Evaporation  of  Ether  Extract.  The  ether  extract  is  washed  out  of  the 
extraction  tube  or  suction  flask  with  a  little  ether  into  a  tared  evaporating  dish 
or  small  beaker  and  the  ether  allowed  to  evaporate  spontaneously  in  a  wann 
place,  or  evaporated  by  means  of  the  "bell  jar  evaporator."'  The  latter 
consists  of  a  tubulated  bell  jar  with  openings  at  top  and  side,  placed  on  a  ground 
glass  plate,  a  slow  current  of  dry  compressed  air  from  two  drying  cylinders 
containing  lIiSO*  and  soda  lime  respectively,  entering  the  top  opening  through 
a  gla.ss  tube,  the  lower  end  of  which  extends  to  about  one  half  inch  from  the 
surface  of  the  ether  solution  in  the  bcuker,  which  is  placed  on  the  glass  plate. 
The  dry  air  current  striking  the  surface  of  the  solution  with  just  enough  force 
tocause  a  slight  "dimple,"  causes  rapid  evaporation  of  the  ether,  and  deposition 
of  moisture  in  the  beaker  along  with  the  evaporated  residue  is  avoided.  The  1 
low  temperature  produced  by  the  rapid  evaporation  minimizes  the  loss  of 
nitroglycerin  by  volatilisation.  From  5  to  6  hours  is  usually  required  for 
complete  evaporation,  which  should  be  determined  by  ohcok  weighings.  If  the 
bell  jar  method  is  not  used,  the  residue,  after  removal  of  the  ether,  must  b^ 
desiccated  over  HiSOi  for  at  least  24  hours  in  order  to  remove  moisture  dc^* 
posited  during  evaporation. 

Nitroglycerin.  Nitroglycerin  is  determined  in  the  dried  and  weighed  ethe* 
extract  from  which  all  ether  has  been  removed  as  above  described.  Thi® 
determination  is  be^t  made  by  mean.n  of  the  du  Pont  modification  of  the  5-paC^ 
Lunge  nitrometer  (see  p.  354,  Vol.  1).  The  sample  is  dissolved  in  5-10  cc.  cri 
pure  sulphuric  acid  (specific  gravity  1.84)  and  transferred  to  the  generatir»fi 
bulb  of  the  nitrometer,  the  beaker  and  cup  of  the  nitrometer  being  wash^^ 
with  several  further  additions  of  acid  until  a  total  of  20-25  cc.  has  been  use*^' 

,  _    .  .     __„ ^__s  of  Permissible  Explosivefl,"  Bulletin,  96,  Bureau   ^ 
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If  the  quantity  of  nitroglycerin  present  is  too  great,  the  sample,  dissolved  in 
sulphuric  acid,  is  transferred  to  a  burette  and  an  aliquot  part  run  into  the 
nitrometer.  The  maximum  amount  of  pure  nitroglycerin  used  for  the  deter- 
mination should  not  exceed  0.75  gram.  The  determination  is  curried  out  in 
the  usual  manner  and  the  reading  of  the  gas  volume  in  the  graduated  reading 
tube  divided  by  .1850  to  find  the  weight  of  nitroglycerin  in  the  sample  used 
for  the  determination  (pure  nitroglycerin  contains  18,50%  N). 

Sulphur,  Resins,  Oils,  etc.  It  is  always  preferable  to  carry  out  the  extrac- 
tion with  ether  on  duplicate  samples,  using  one  sample  of  the  extract  for  the 
determination  of  nitroglycerin  as  above,  and  the  other  for  determining  sulphur, 
resins,  oils,  etc.,  that  may  also  be  contained  in  the  ether  extract. 

The  weighed  extract  is  redissolved  in  a  mixture  of  ether  and  alcohol,  previ- 
ously neutralized  with  standard  alkali.  The  solution  thus  obtained  is  titrated 
with  standard  alcoholic  potash  solution  using  phenol phthalein  indicator.  1  cc. 
ot  tenth  normal  alkali  is  equal  to  0.034  grams  of  rosin  (colophony). 

A  large  excess  of  the  alcoholic  potash  is  now  added  and  the  mixture  heated 
several  hours  or  overnight  on  the  steam  bath  to  saponify  the  nitroglycerin. 
Shake  with  water  and  ether  in  a  separatory  funnel.  The  ether  solution  contains 
paraffin,  vaseline,  or  mineral  oils  that  may  be  present,  and  is  evaporated  and 
the  residue  weighed.  The  water  solution  is  acidihed  with  HCl,  and  Br  added 
to  oxidize  any  sulphur.  Any  separated  rosin  is  filtered  off  and  weighed  as  a 
check  on  the  titration,  and  sulphur  determined  in  the  filtrate  by  precipitation 
IS  BaSOi. 

Sulphur  may  also  be  separated  from  nitroglycerin  by  means  of  acetic  acid 
of  approximately  70%  strength,  the  nitroglycerin  being  quite  soluble  in  acetic 
idd  and  the  sulphur  almost  insoluble.  The  sulphur  is  filtered  from  the  solu- 
tion, washed  slightly  with  alcohol  to  remove  the  acetic  acid  solution,  dried  and 
weighed. 

If  a  considerable  quantity  of  crystals  of  sulphur  is  found  in  the  evaporated 
ether  extract,  it  is  possible  that  all  of  the  sulphur  has  not  been  removed  by  the 
ether,  and  in  this  case  an  extraction  is  made  with  carbon  disulphide,  in  exactly 
the  same  manner  as  the  ether  extraction.  This  extraction  is  made  subsequent 
to  the  extraction  with  water,  the  sulphur  being  determined  by  loss  of  weight 
of  the  residue  or  by  direct  weight  after  evaporation  of  the  carbon  disulphide 
tway  from  free  flame. 

Extractioii  with  Water  and  DetermioalioD  of  Nitrates.  The  dried  and 
weighed  residue  left  in  the  crucible  after  extraction  with  ether,  is  extracted 
"ith  water,  using  a  suction  flask  fitted  with  a  carbon  filter  tube  in  which  the 
wjcihle  is  held  by  a  short  length  of  thin-walled  rubber  tubing.  Cold  water  is 
1  for  this  extraction,  as  hot  water  would  gelatinize  ajiy  starch  present. 
A  total  of  at  least  200  cc.  of  water  is  passed  through  the  sample,  in  at  least  10 
portions,  each  portion  being  allowed  to  stand  in  contact  with  the  residue  for  a 
lew  minutes  before  being  sucked  into  the  flask.  An  evaporation  test  of  a  few 
ofopa  of  the  filtrate  will  determine  the  completeness  of  the  extraction.  When 
lie  extraction  is  complete,  the  crucible  with  its  insoluble  residue  is  dried  for 
S  hours,  or  overnight,  at  95''-100°  C,  and  the  loss  of  weight  noted  as  total 
*>ter-soluble  material.  This  includes  nitrates  and  other  soluble  salts  that  may 
^  present,  together  with  water  extract  from  the  wood  pulp,  flour  or  other 
•bwrbent.  This  soluble  organic  material  may  amount  to  as  much  as  2%  of 
tbe  total  sample,  when  cereal  products  are  present.    Calcium,  magnesium. 
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or  zinc  may  also  be  present  in  solution,  resulting  from  the  action  of  add  deeom- 
position  products  of  the  nitroglycerin  on  the  carbonate  or  other  antacid  presenL 
In  routine  analyses  of  ordinary  dynamite,  the  loss  of  weight  on  extraction  with 
water  is  usually  considered  as  the  alkaline  nitrate  (sodium  or  potassium),  tnt 
where  more  exact  results  are  desired  an  aliquot  portion  of  the  extract  ia  er^>- 
orated  to  dryness  with  a  little  nitric  acid  to  oxidize  organic  materiab,  and  the 
residue  weighed  as  alkaline  nitrate.  This  weight  may  be  corrected  for  inorganic 
impurities — chlorides,  sulphates,  iron,  aluminum,  calcium,  etc, — determined 
separately  by  the  usual  methods. 

Nitrates  may  be  determined  by  means  of  the  nitrometer,  using  an  aliquot 
portion  of  water  extract  estimated  to  contain  .6  to  .8  gram  of  NaNOj  or  A 
to  1.0  gram  of  KNOi.  This  is  evaporated  on  the  steam  bath  almost  to  dryncM 
and  transferred  with  as  little  water  a^  possible,  to  the  cup  of  the  nitrometa. 
This  solution  is  drawn  into  the  generator  and  30  to  40  cc.  of  95-96%  H£0« 
added  slowly  so  as  to  avoid  generating  sufficient  heat  to  crack  the  ^asa.  The 
generator  is  then  shaken  for  a  total  time  of  8-10  minutes  in  order  to  be  certain 
that  the  generation  of  gas  is  complete  with  the  diluted  acid.  The  gas  is  mea> 
Bured  and  the  %  of  nitrate  calculated  as  in  the  cose  of  nitro^ycerin. 

Extraction  with  Add.  When  starch  is  not  present  in  the  residue,  a  simide 
extraction  of  the  residue  insoluble  in  water  is  made  with  cold  dilute  HCI 
(1  :  10),  100  cc.  being  drawn  through  the  sample  in  the  crucible  in  small  sua- 
cessive  portions  as  described  under  "Extraction  with  Water."  Several  por- 
tions of  water  are  then  drawn  through  to  wash  out  the  acid,  and  the  residue  in 
the  crucible  dried  for  5  hours  at  95°  to  100°  C.  The  loss  of  weight  is  usually 
reported  as  antacid,  but  the  base  dissolved  may  be  determined  by  the  usual 
quantitative  methods  if  desired.  The  acid-soluble  materials  generally  present  ' 
are  calcium  or  magnesium  carbonate  or  zinc  oxide. 

DetenninatioQ  of  Starch.  If  starch  is  present  in  the  residue  insoluble  in 
water,  it  is  removed  together  with  the  antacid  by  boiling  with  dilute  acid. 
The  residue  is  moistened  with  water,  scraped  or  washed  out  of  the  crudble  into 
a  500  cc.  beaker,  the  volume  brought  to  about  250  cc.  by  the  addition  of  water 
and  3  cc.  of  strong  HCI,  and  the  mixture  boiled  until  a  drop  of  the  solution 
fails  to  give  a  blue  color  when  treated  on  a  spot  plate  with  a  drop  of  a  solution 
of  iodine  in  KI.  This  indicates  that  the  starch  has  been  completely  hydrolyied 
to  dextrin.  The  mixture  is  then  filtered  through  a  fresh  crucible,  washed  with 
water,  dried  and  weighed,  correction  being  made  for  the  weight  of  the  asbestos 
mat  of  the  original  crucible. 

The  antacid  dissolved  in  the  acid  filtrate  is  determined  as  already  described. 
The  loss  of  weight  by  the  boiling  treatment,  minus  the  antacid  found,  repre- 
sents starch  and  other  dissolved  organic  materials  removed  from  cereal  products 
or  wood  pulp.  The  insoluble  residue  includes  the  wood  pulp  and  the  crude 
fibre  of  the  cereal  products. 

Because  of  the  impracticability  of  exact  separations  it  is  customary  to 
report  all  of  the  soluble  organic  material  included  in  both  water  and  acid 
extractions  as  "starch"  or  "starchy  material,"  and  the  insoluble  organic 
residue  as  "wood  pulp  and  crude  fibre,"  or  the  sum  of  these  organic  material^ 
is  often  reported  as  "carbonaceous  combustible  material." 

Insoluble  Residue  and  Ash.  The  insoluble  residue  may  contain  wood  pul^v 
or  sawdust,  the  crude  fibre  from  various  cereal  products  such  as  com  meal.  i 
wheat  flour,  middlings,  bran,  etc.,  ground  nut  shells,  vegetable  ivory  meaX- 


ANALYSIS  OF  EXPLOSIVES  1379 

and  more  rarely  inorganic  material  such  as  infusorial  earth  (kieselguhr),  clay, 
etc.  These  can  usually  be  identified  by  microscopic  examination  (see  Bureau 
of  Mines  Bulletin  96,  Page  74),  and  a  determination  of  the  ash  will  show 
whether  inorganic  materials  are  present.  A  high  ash  content  may  also  indicate 
ineomplete  water  or  acid  extractions. 

Ammonia  Dynamite 

So-called  ammonia  dynamite  is  eascntially  "straight"  dynamite  in  which  a 
large  part  of  the  nitroglycerin  is  replaced  by  ammonium  nitrate.  The  am- 
monium nitrate  is  frequently  protected  from  moisture  by  a  coating  of  vaseline 
or  paraffin  and  is  usually  neutralized  with  zinc  oxide.  This  type  of  dynamite 
generally  contains  less  wood  pulp  than  the  corresponding  grades  of  "straight" 
dynamite,  and  sulphur  and  cereal  products,  such  as  low  grade  flour,  are  usually 
present. 

The  determination  of  moisture  and  the  various  extractions  are  carried  out 
as  described  for  "straight"  dynamite.  An  extraction  with  carbon  disulphide 
is  usually  necessary  to  effect  complete  removal  of  the  sulphur;  this  properly 
follows  the  extraction  with  water.  The  analysis  of  the  ether  extract  may  be 
conducted  as  already  described.  In  drying  the  residue  left  in  the  crucible 
after  extraction  with  ether,  it  is  important  that  a  temperature  of  approximately 
70°  C.  be  used,  because  in  the  presence  of  ZnO,  the  loss  of  ammonium  nitrate 
18  considerable  at  100°  C.  Pure  ammonium  nitrate  is  not  appreciably  affected 
by  even  24  hours  heating  at  100°  C,  but  the  presence  of  the  ZnO  causes  de- 
eomposition  at  this  temperature. 

The  water  extract  contains  sodium  nitrate  and  ammonium  nitrate  together 
with  practically  all  of  the  zinc  oxide  present,  the  latter  ingredient  being  dis- 
solved with  the  ammonium  nitrate,  and  a  small  amount  of  soluble  organic 
material  from  the  flour  or  other  absorbent.  It  is  analyzed  as  follows:  An 
aliquot  portion  is  evaporated  to  dryness  in  a  platinum  or  silica  dish  on  a  steam 
bath,  the  ammonium  nitrate  volatUized  by  careful  heating  over  a  burner,  a 
little  nitric  acid  added  to  re-oxidize  any  nitrate  that  may  have  been  reduced  to 
nitrite,  and  the  residue  again  dried  on  the  steam  bath.  The  zinc  oxide  is  now 
in  the  form  of  zinc  nitrate  and  may  be  separated  from  the  sodium  nitrate  by 
either  of  the  following  methods: 

1.  The  residue  is  dried  at  110°-120°  C.  and  weighed  as  NaNOi  and  Zn- 
(NOi)i.  It  is  then  dissolved  in  water,  the  zinc  precipitated  with  Na2C0i, 
filtered,  ignited  and  weighed  as  ZnO,  and  the  NaNOi  taken  by  difference;  the 
total  NaNO,  plus  Zn(NO.)i  minus  (ZnO  X2.33)  =  NaNO,. 

2.  The  residue  is  gently  heated  over  a  burner  until  evolution  of  oxides  of 
mtrogen  from  decomposition  of  the  Zn(NOi)i  has  ceased,  and  the  remaining 
residue  weighed  as  NaNOi  and  ZnO.  It  is  then  treated  with  water,  the  in- 
Kluble  ZnO  filtered  on  a  Gooch  crucible,  ignited  and  weighed,  the  NaNOi  being 
taken  by  difference. 

Ammonium  nitrate  is  determined  in  a  separate  portion  of  the  water  extract 
V  the  usual  method  of  distillation  and  titration. 

The  sum  of  the  amounts  of  NHiNO),  NaNOi,  and  ZnO  found  will  be  some- 
what less  than  the  total  water  extract  owing  to  the  presence  of  water-soluble 
o^uiic  material  from  the  carbonaceous  absorbents. 
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Qelatin  Dynamite 

This  is  a  form  of  nitroglycerin  explosive  in  which  the  nitroglycerin,  instead 
of  being  absorbed  in  porous  materials  such  as  wood  pulp,  is  combined  with 
nitrocellulose  in  the  form  of  a  gelatinous  plaetic  mass.  As  little  as  3.5%  of 
suitable  grade  of  nitrocellulose  containing  ab<)Ut  12%  nitrogen  will,  wheo 
heated  with  nitroglycerin,  at  about  60°  C,  form  a  jelly-like  non-fluid  mass 
when  cooled  to  ordinary  temperature.  "  Blasting  gelatin,"  used  to  a  consider- 
able extent  where  great  strength  is  required,  is  a  stiff  colloid  composed  of  90 
to  93%  nitroglycerin  and  10  to  7%  nitrocellulose. 

All  blasting  explosives  containing  such  colloids  of  nitroglycerin  and  nitro- 
cellulose combined  with  an  active  "dope"  or  base,  consisting  of  a  nitrate  and 
combustible  material,  are  termed  gelatin  dynamites.  This  type  of  explosive 
is  also  known  in  some  countries  as  "Gelignite." 

Sampling.  Owing  to  its  pasty  consistency  the  sample  of  gelatin  dynamite 
must  be  prepared  by  cutting  portions  of  a  number  of  cartridges  into  thin  bits 
with  an  aluminium  or  platinum  spatula.  The  use  of  a  steel  spatula  or  knife 
for  this  purpose  is  not  to  be  recommended  for  reasons  of  safety.  An  ample 
quantity  of  sample  thus  prepared  is  well  mixed  and  bottled.  Owing  to  its 
tendency  to  again  form  a  solid  mass  upon  standing,  it  should  be  analyzed  as 
soon  as  possible  after  being  prepared. 

Aiudyds.  The  principal  ingredients  that  may  be  found  in  the  different 
types  of  gelatin  dynamite  are  nitroglycerin;  nitrocellulose;  sulphur;  rosin; 
Bodium,  potassium  or  ammonium  nitrate;  calcium  or  magnesium  carbonate; 
wood  pulp,  cereal  products  and  similar  carbonaceous  combustible  materials. 
Low-freezing  gelatins  may  also  contain  nitrotoluenes  or  other  nitroeubetitution 
compounds. 

Moisture  is  determined  as  described  for  "straight"  dynamite,  and  the 
extraction  with  ether  made  in  the  usual  manner  except  that  ether  free  from 
alcohol  (distilled  over  sodium)  is  used  in  order  to  pre\'ent  partial  solution  of 
the  nitrocellulose.  The  latter  is  readily  soluble  in  a  mixture  of  ether  and 
^cohol,  and  as  ordinary  U.  S.  P.  ether  contains  about  4%  of  alcohol,  there  is  i. 
possibility  that  an  appreciable  part  of  the  0.5%  to  2.0%  of  nitrocellulose  present 
in  the  sample  will  be  dissolved  unless  pure  ether  is  used.  The  ether  extract 
is  evaporated  and  analyzed  as  already  described  and  the  water  extraction 
made  in  the  usual  manner.  If  more  than  1  or  2%  of  sulphur  was  present  it 
will  not  have  been  completely  removed  by  the  ether,  unless  the  extraction  was 
continued  for  a  sufficiently  long  time.  In  this  event,  it  is  necessary  to  make 
an  additional  extraction  with  carbon  disulphJde  in  the  Wiley  apparatus  sub- 
sequent to  extraction  ft-ith  water. 

Nitrocellulose.  After  the  extractions  with  ether,  water,  and  CS:  (if 
necessary)  have  been  made,  the  nitrocellulose  is  determined,  preferably  bj 
extraction  with  acetone,  which  is  a  better  solvent  for  the  purpose  than  a  mix- 
ture of  ether  and  alcohol.  It  is  advisable  to  separate  the  dry  rct^due  from  the 
crucible,  leaving  the  asbestos  mat  intact  if  possible.  The  residue  is  transferred 
to  a  small  beaker,  covered  with  acetone  and  allowed  to  stand  at  least  3  or  4 
hours  with  occasional  stirring.  It  is  then  filtered  through  the  original  cniciUe, 
washed  with  acetone,  dried  and  weighed,  the  loss  of  weight  being  regarded  as 
nitrocellulose.  To  correct  for  small  amounts  of  extract  from  the  wood  pulp 
or  other  carbonaceous  material,  the  acetone  solution  may  be  evaporated  to 
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about  20-25  cc.,  and  diluted  gradually  with  a,  loi^  volume  (about  100  cc.) 
of  hot  water,  which  volatilises  the  acetone,  precipitating  the  nitrocellulose  as  a 
white  flocculent  mass,  which  is  filtered,  dried,  and  weighed. 

The  remainder  of  the  analysis  is  conducted  as  for  straight  dynamite. 

It  will  be  found  that  the  results  of  analysis  of  a  gelatin  dynamite  do  not 
agree  with  its  trade  markings.  For  example,  the  usual  "40%  strength" 
gelatin  dynamite  actually  contains  from  30  to  33%  of  nitroglycerin  and  about 
1%  of  nitrocellulose.  Weight  for  weight  this  explosive  is  considerably  weaker 
than  40%  straight  dynamite,  which  contains  40%  of  nitroglycerin. 

Low-Freezing  Dynamite 

Low-freezing  dynamites  vary  from  the  dynamite  types  already  discussed 
by  containing  an  ingredient  which  reduces  the  freezing  point  of  the  nitro- 
l^ycerin.  This  ingredient  replaces  a  portion  of  the  nitroglycerin  which  would 
be  used  in  an  equal  grade  of  ordinary  straight  dynamite,  ammonia  dynamite, 
or  gelatin  dynamite.  While  straight  nitroglycerin  dynamite  may  freeze  at 
temperatures  as  high  as  8"  C.  (46°  F.),  some  of  the  low-freezing  dynamites 
freeie  only  at  temperatures  considerably  below  0°  C.  Many  of  this  type, 
however,  cannot  be  relied  upon  to  resist  freezing  at  temperatures  below  the 
freezing  point  of  water. 

The  additions  made  to  nitroglycerin  for  this  purpose  include  the  nitrotol- 
uenes,  nitroxylenes,'  nitrohydrins,  nitrosugar,  and  nitropoly glycerin  (tetranj- 
trodiglycem).  Any  of  these  substances  present  will  be  found  in  the  ether 
extract  together  with,  and  in  most  cases  dissolved  in,  the  nitroglycerin. 

Moisture.  The  determination  of  moisture  is  carried  out  as  already  de- 
scribed for  "straight"  nitroglycerin  dynamite  (p.  1375).  Attention  has  been 
called  to  the  fact  that  certain  nitrosubstitution  compounds,  notably  the 
mono-  and  dinitro toluenes,  are  more  or  less  volatile  and  would  therefore  be 
partly  lost  if  the  moisture  is  determined  in  a  vacuum  desiccator.  The  safest 
procedure  is  therefore  to  determine  the  moisture  by  desiccation  for  3  days 
without  vacuum.  The  difference  between  the  total  loss  on  extraction  with 
ether  and  the  direct  weight  of  the  ether  extract,  after  evaporation  of  the  ether 
in  a  bell-jar  evaporator  (p.  1376),  should  be  equal  to  the  moisture  content 
of  the  sample.  This  figure  will  therefore  serve  as  a  check  on  the  result  ob- 
tained by  desiccation. 

Ifitrotolneaes-  Trinitrotoluene  is  not  readily  soluble  in  nitroglycerin  and 
separates  as  crystals  on  evaporation  of  the  ether  from  the  ether  extract,  enabling 
it  to  be  qualitatively  separated  and  identified.  It  may  be  determined  by 
difference,  the  nitroglycerin  being  determined  by  means  of  the  nitrometer. 
Any  dinitrotolucne  prexcnt  may  also  be  determined  in  this  manner  together 
wth  the  trinitrotoluene,  but  if  m on onitro toluene  is  also  present,  the  determina- 
tion of  the  nitrogen  of  the  nitroglycerin  will  be  slightly  in  error  by  about 
0.6530  gram  of  nitroglycerin  for  every  gram  of  mononitrotoluene  present.' 

Mononitrotoluene  is,  however,  seldom  present  except  as  an  impurity  in  the 
«o-called  liquid  di-  and  trinitrotoluenes  used  in  low  freezing  dynamites,  so 
that  the  determination  of  the  nitroglycerin  is  usually  fairly  accurate  and  the 
nitrotoluenes  may  be  calculated  by  difference. 

'  Storm,  C.  G.,  "The  Effect  of  Nitrotoluenes  on  the  Determination  of  Nitroglycerin 
W  Means  of  the  Nitrometer,"  Prop.  8th  Int.  Cong.  Appl.  Chem.,  Vol.  4,  1912,  p.  117; 
«Im>  Bu.  of  Mine*  Bull.  41,  p.  62,  1913. 
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The  total  nitrogen  of  the  combined  nitroglycerin  and  nltromibatibttiaB 
compound  may  also  be  determined,  the  nitrogen  of  the  nitro^ycerin  deducted 
and  the  amount  of  nitrosubstitution  compound  calculated  from  the  im  "' 
difference,  if  the  identity  of  the  nitrosul^titution  compound  has  been  i 
liahed.  A  suitable  modification  of  the  Kjeldahl  method  wfaichhas  been  foud 
applicable  to  difficultly  decomposable  nitrocompounds  is  as  followa:*  TIbi 
method  is,  of  course,  applicable  to  mixtures  containing  nitro^ycerin. 

Modified  Kjeldahl  Method  for  nitrogen.  About  0.5000  g.  of  the  nitro- 
compound is  weighed  into  a  500  cc.  Kjeldahl  flask,  30  cc.  of  96%  H1SO4  and 
2  g.  salicylic  acid  added  and  the  sample  dissolved  by  heating  on  a  steam  bitk 
if  necessary.  Cool;  add  2  g.  zinc  dust  in  small  portions,  with  cooling  ud 
rotating  the  flask.  Continue  the  shaking  at  15  minute  intervals  for  2  ' 
and  let  stand  overnight.  Then  heat  over  a  small  flame  till  fuming  has  c 
(about  2  hours),  cool  slightly  and  add  1  g.  HgO.  and  boil  1~I^  hours  longn. 
Cool  and  add  7.5  g.  K,SO,  and  10  cc.  H^O,  and  boil  Ij  to  2  boun  moR. 
If  the  solution  is  not  clear  and  almost  colorless,  add  1  g.  more  Ki80«  and  bul 
longer.  Cool  and  add  250  cc.  HiO  to  dissolve  the  cake  formed,  then  add  25 
cc.  KiS  solution  (80  g.  per  liter  HsO),  1  g.  granulated  Zn,  and  85-90  cc".  NaOH 
solution  (750  g.  per  liter  HiO),  and  distill  as  usual  in  the  Kjeldahl  determina- 
tion, collecting  the  NHj  in  standard  HiSOi  solution.  A  blank  determinatioa 
without  sample  is  advisable. 

Separation  of  Nitrocompounds  from  ITitroglycerin-  Hyde  has  devised  > 
satisfactory  method  for  actual  separation  of  nitrosubstitution  compounds  from 
nitroglycerin,  depending  on  the  differences  in  solubility  of  these  ingredients  Id 
carbon  bisulphide  and  dilute  acetic  acid.*  Nitroglycerin  is  only  slightly 
soluble  in  CS],  but  readily  soluble  in  dilute  acetic  acid,  while  most  nitro- 
compounds are  much  more  soluble  in  CSj  and  much  less  soluble  in  dilute  acetic 
acid  than  nitroglycerin.  CSi  and  acetic  acid  are  only  slightly  miscible.  Hence 
nitroglycerin  and  a  nitrocompound  may  be  partly  separated  by  shaking  the 
mixture  with  CSj  and  dilute  acetic  acid,  allowing  the  two  solvents  to  separate 
into  two  layers  and  drawing  off  one  of  the  layers.  The  CSi  layer  will  contain 
most  of  the  nitrocompound  and  the  acetic  acid  layer  most  of  the  nitroglycerin. 

Hyde's  method  involves  a  continuous  fractional  extraction  in  a  rather  oom- 
pitcated  apparatus  consisting  of  13  long  narrow  extraction  tubes,  connected 
with  each  other  and  with  a  condenser,  reservoir  and  distilling  flask  so  as  to 
form  a  closed  circulating  system,  the  CS:  continually  passing  in  a  train  of  fine 
drops  through  acetic  acid  in  the  series  of  extraction  tubes,  carrying  with  it  the 
nitrocompound,  the  nitroglycerin  tending  to  remain  dissolved  in  the  acetic 
acid.  Practically  a  complete  separation  is  finally  obtained,  the  nitrocompoiuid 
dissolved  in  the  CS:  collecting  in  the  distilling  flask  at  the  end  of  the  extraction 
train  and  the  nitro^ycerin  remaining  in  solution  in  the  acetic  acid  in  the  tubes. 
The  CSi  is  evaporated  and  the  nitrocompound  weighed.  Reference  should  he 
made  to  the  original  article  by  Hyde  for  details  as  to  construction  and  operatjon 
of  the  apparatus. 

'Cope,  W.  C,  "Kjeldahl  Modification  for  Determination  of  Nitrogen  in  Nitro- 
substitution Compouncb,"  J.  Ind.  and  Eng.  Chem.,  Vol.  8,  p,  592^  1916. 

'Hyde,  A.  L.,  "The  QuantJI-ative  Spparation  of  NitrosubstitutiOD  Compounds  from 
Nitrodyi^rin,"  J.  Am.  Chem.,  Soc.,  Vol.  35,  p.  1173,  1913.  (See  also  Bu.  Mift<* 
Bulletin,  96,  pp.  47-50,  1916.) 
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IfitroBugars.    The  nitrates  of  sugar,  improperly  called  nitrosugar,  are  used 

•  to  a  considerable  extent  (or  lowering  the  freezing  point  of  nitroglycerin.     This 

i.Mibstance  is  Holuble  in  nitroglycerin,  being  prepared  with  the  latter  by  nitrating 

t  A  solution  of  cane-^ugar  in  glycerin,  and  no  method  is  known  for  its  separation 

i  from  nitroglycerin,     HoEFman  and  Hawse'  have  reported  on  an  optical  method 

'tot  the  determination  of  nitrated  sugar  in  nitroglycerin  mixtures,  based  on  the 

ose  of  the  polariscope.     As  an  example  of  the  application  of  the  method,  10.65 

g,  of  a  nitrated  mixture  of  glycerin  and  sugar  was  dissolved  in  100  cc.  alcohol 

ftnd  its  angle  of  rotation  found  to  be  a  =  3.07°.     The  specific  rotatory  power 

ei  sucrose  octanitrate   having  been   determined   as  a  =  56.66,   the   formula: 

C  (concentration)  =  a/2a  gives  a  result  of  25.44%  sucrose  octanitrate  in  the 

■unple. 

The  result  of  the  optical  method  may  be  roughly  checked  by  a  determina- 
■  tion  of  the  total  nitrogen  of  the  combined  nitroglycerin  and  nitrosugar,  assum- 
ing the  nitrogen  content  of  the  nitrosugar  to  be  15%  (theoretical  for  sucrose 
octanitrate  15.95%),  and  that  of  nitroglycerin  18.50%. 

ITitrochlorhydiins.  Dinitromonochlorhydrin  has  been  known  for  years  as 
a  partial  substitute  for  nitroglycerin  in  explosives.  It  is  a  solvent  for  nitro- 
cdtulose  in  smokeless  powders  and  has  an  appreciable  effect  in  lowering  the 
freezing  point  of  nitroglycerin.  During  recent  years  it  has  come  into  use  in 
this  country  as  a  substitute  for  njtrotoiuenes  in  low  freezing  dynamites. 

A  mixture  of  dinitrochlorhydrin  and  nitroglycerin  will  have  a  lower  nitrogen 
content  than  pure  nitroglycerin,  the  dinitrochlorhydrin  containing  only  H.0% 
N,  as  compared  with  18.50%  N  in  nitroglycerin.  The  dinitrochlorhydrin 
may  be  readily  identified  and  determined  quantitatively  by  treating  the  mixture 
containing  this  substance  and  nitroglycerin  with  an  excess  of  alcoholic  solution 
of  KOH,  heating  on  the  steam  bath  until  saponification  is  complete,  and  deter- 
mining the  chlorine  in  the  solution  as  chloride. 

It  must  be  noted  that  dinitrochlorhydrin  is  somewhat  more  volatile  than 
nitroglycerin  and  therefore  in  evaporating  the  ether  from  the  ether  extract  it  is 
advisable  to  make  use  of  the  bell-jar  evaporator  (p,  1376)  so  as  to  minimize 
its  loss  during  evaporation. 

Hitropoljglyceiin.  Nitrated  polymerized  glycerin — usually  a  mixture  of 
tetranitrodi glycerin  and  tri nitroglycerin — is  sometimes  found  in  low-freezing 
explosives.  This  mixture  will  show  a  lower  N-content  than  nitroglycerin, 
since  pure  tetranitrodi  glycerin  contains  only  16.19%  N.  The  presence  of 
the  latter  substance  is  indicated  by  low  solubility  in  dilute  acetic  acid  (60 
volumes  glacial  acetic  acid  to  40  volumes  water).  One  gram  of  nitroglycerin 
dissolves  in  about  10.5  cc.  of  this  acid,  while  1  gram  of  a  mixture  containing 
82.25%  tetranitrodiglycerin  required  120  cc.  of  the  acetic  acid  to  completely 
^ssolve  it.  In  dissolving  such  a  mixture,  it  will  be  found  that  a  part  of  the 
mixture  dissolves  more  readily  than  the  remainder.  If  the  more  difficultly 
Mluhle  portion  is  separated,  dried  in  a  desiccator  and  its  nitrogen  content 
determined  in  the  nitrometer,  it  will  be  found  to  contain  a  much  lower  %  N 
than  the  original  mixture,  approximating  the  figure  for  tetranitrodiglycerin, 
16-19%  (an  actual  trial  gave  16.24%  N), 

If  the  presence  of  tetranitrodiglycerin  is  established  by  the  above  procedure 
■nd  Qo  other  substances  except  nitroglycerin  are  present,  the  proportions  of 
these  two  ingredients  in  the  ether  extract  may  be  readily  calculated  from  the 
N-content  as  found  by  the  nitrometer. 

_   '  Hoffman.  E.  J.  and  Hawse,  V,  P.,  "The  Nitration  of  Sucrose  Octanitrate,"  J,  Am, 
t-heiQ.  8oc.,  Vol.  41,  pp.  235-247,  1919. 
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"PERMISSIBLE"   EXPLOSIVES 

"Permissible"  explosives  are  coal  mining  explosives  which  have  passed 
the  prescribed  tests  of  the  Bureau  of  Mines  and  are  recommended  by  the 
Bureau  for  use  in  gassy  and  dusty  mines.  Their  important  characteristic  is  a 
relatively  low  flame  temperature,  which  is  brought  about  by  modifying  the 
composition  of  the  usual  types  of  dynamites  and  other  blasting  explosives. 
The  general  methods  of  reducing  the  flame  temperature  of  explosives'  an 
summarized  as  follows: 
(a)  Addition  of  an  excess  of  carbon, — forming  less  COt  and  more  CO  in  the 

gases  of  explosion. 
(6)  Addition  of  free  water  or  of  solids  with  water  of  crystallization, 
(c)  Addition  of  inert  materials. 
((f)  Addition  of  volatile  salts. 

The  analj'sis  of  explosives  of  this  class  is  therefore  generally  more  complr 
cated  than  that  of  the  ordinary  types  of  blasting  explosives  because  of  the 
greater  variety  of  ingredients  used  in  manufacture.  A  partial  list  of  sub- 
stances which  have  been  found  in  low-flame  explosives  manufactured  in  this 
country  is  shown  below,  arranged  according  to  their  solubility  in  the  general 
scheme  of  analysis: 


Sol-ubU  in  Ether 

Nitroglycerin 

Nitropolyglyccrin 

Nitrotoluenee 

Nitrosugars 

Ni  troc  morhy  drins 

Paraffin 

Resins 

Sulphur 

Vaseline 

Oils 


SolubU  in  Water 
Ammonium  nitrate 

"  chloride 

"  sulphate 

"  oxalate 

"  perchlorate 

Alum  (cryat.) 

Aluminum  sulphate  (crysl.) 
Barium  nitrate 
Cakium  sulphate  (cryst.) 

Magnesium  sulphate  (cryst.) 
Potassiiun  chlorate 

"         perchlorate 
Sodium  nitrate 
"       chloride 
"        bicarbonate 
"        carbonate 


Sotubk  in  Add* 
Aluminum 
Calcium  carbonate 

"       silicide 
Ferric  oxide 
Magnesium  carbonate 

Zinc  oxide 


Zinc  oxide 


Charcoal 

Clay 

Coal 

Corn  meal 

Corncob  meal 

Kieselguhr 

Nitrocellulose 

Nitrostarch 

Nitrated  wood 


Peanut  shell  meal 
Powdered  slate 
Rice  hulls 
Sawdust 
Turmeric 

Vegetable  ivory  meal 
Wheat  flour 
Wood  pulp 


'  The  thermorhemical  considerations  involved  are  discussed  in  Burea 
Bulletin  No.  15,  "Investigations  of  Explosives  used  in  Coal  Mines,"  IB 
details  of  anahsis  in  Bureau  of  Mines  Bulletin  No.  96,  "The  Analysis  of 
^ixplosives,"  C.  G.  Storm,  1916. 
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Qoalitative  Analysis-  The  qualitative  examination  of  a  "  permiSBible " 
explosive  is  conducted  in  the  same  manner  a^  has  been  described  for  dynamite 
(aee  page  1374),  and,  in  view  of  the  greater  variety  of  constituents  that 
may  be  present,  is  quite  essential  before  a  suitable  scheme  for  quantitative 

separation  can  be  chosen. 

Tests  for  some  of  the  more  unusual  substances  not  generally  found  in  the 
ordinary  types  of  blasting  explosives,  and  not  already  discussed  under  "Low- 
freeaing  Explosives,"  are  made  as  follows: 

Test  for  Sugar.  The  presence  of  water-soluble  organic  substances  is  indi- 
cated by  an  appreciable  charring  of  the  residue  obtained  by  evaporating  a 
portion  of  the  water  extract  to  dryness  and  then  heating  gradually  over  a 
burner.  A  slight  charring  may  result  from  water-soluble  portions  of  cereal 
products,  wood-pulp,  etc.,  and. may  be  disregarded.  Sugar  is  identified  by- 
acidifying  some  of  the  water  solution  with  a  little  dilute  HCl,  heating  to  boiling, 
neutralizing  with  KOH  and  then  boiling  with  Fehling's  solution.  A  precipi- 
tation of  cuprous  oxide  indicates  the  presence  of  sugar. 

Test  for  Gum  Arabic.  Gum  arabic  is  precipitated  by  the  addition  of  a  solu- 
tion of  basic  lead  acetate  to  the  water  extract,  a  white,  flocoulent  precipitate 
of  indefinite  composition  resulting  (see  Determination  of  Gum  Arabic,  p.  1388). 

Test  for  Nitcostarch.  Nitrost&rch  is  best  identified  by  microscopic  exam- 
ination of  the  residue  insoluble  in  water.  It  is  easily  distinguiphed  from 
onnitrated  starch  by  means  of  a  solution  of  iodine  in  Kl,  wluch  colors  the  starch 
granules  dark  blue  but  does  not  affect  the  granules  of  nitrostarch. 

Test  for  Chlorides,  Chlorates,  and  PercUorates.  These  three  substances 
present  in  a  solution  may  be  identified  as  follows:  Acidify  slightly  with  nitric 
acid,  add  excess  of  AgXOj,  heat  to  boiling,  shake  Well,  and  filter  off  the  silver 
chloride.  To  the  filtrate  add  a  few  cc.  of  40%  solution  of  formaldehyde 
(formalin),  and  boil  to  reduce  chlorates  to  chlorides.  This  reduction  is  best 
earned  out  by  heating  on  the  steam  bath  for  about  an  hour.  Any  chloride 
thus  formed  is  then  separated  by  further  precipitation  with  AgNOi  and  re- 
moved by  filtration.  The  filtrate  is  then  evaporated  to  dryness,  the  residue 
transferred  to  a  crucible  and  fused  with  dry  Na,COi.  The  fused  mass  is 
treated  with  dilute  HNOi,  when  the  presence  of  perchlorate  will  be  indicated 
by  an  insoluble  precipitate  of  AgCl. 

Mechanical  Separation  of  Solid  Ingredients.  It  is  frequently  of  advantage, 
especially  in  connection  with  the  interpretation  of  the  results  of  analysis  of  an 
explosive  mixture  containing  a  number  of  water-soluble  salts,  to  determine  the 
identity  of  one  or  more  of  the  components  of  the  mixture  by  means  of  screening 
or  by  a  method  of  separation  depending  on  variation  in  specific  gravity  of  the 
eomponents.  Such  methods  are  facilitated  by  the  fact  that  the  ingredients 
of  blasting  explosives  are  frequently  not  finely  pulverized  in  the  course  of 
manufacture. 

(a)  By  Screening.  25  to  50  grams  of  the  sample  is  washed  several  timee^ 
with  ether  to  remove  nitroglycerin  and  ingredients  of  an  oily  nature,  the  solitt 
residue  dried  to  remove  adhering  ether  and  then  sifted  through  a  set  of  sieves. 
An  examination  of  the  portions  held  by  the  10-  and  20-mesh  screens  will  usually 
siiow  the  presence  of  coarse  crystals  which  are  large  enough  to  be  sorted  out 
wiA  the  aid  of  forceps,  submitted  to  qualitative  tests  and  identified  with 
<*rtainty.  A  single  crystal  may  sometimes  be  identified  by  dissolving  it  in  a 
drop  of  water  on  a  microscope  slide,  allowing  the  water  to  evaporate  and 
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eicamining  the  resulting  crystals  under  the  microscope.     The  writer  has  fifr 
quently  identified  three  or  four  ingredients  of  an  explosive  in  this  manner. 

(b)  By  Specific  Gravity  Separations.  This  method,  applied  to  the  analyu 
of  explosives  by  Storm  and  Hyde,'  depends  on  the  separation  of  solids  from  i 
mixture  by  means  of  inert  liquids  of  different  specific  gravities.  A  series  of 
mixtures  of  chloroform  (sp.gr.  1.40}  and  bromoform  (sp.gr.  2.83)  is  prepared 
covering  as  wide  a  range  of  specific  gravity  as  may  seem  desirable.  Por- 
tions of  the  dried  sample  previously  extracted  with  ether  as  in  (a)  are  added 
to  such  liquid  mixtures  and  the  heavier  salts,  which  settle  to  the  bottom, 
separated  from  the  lighter  ones.  For  example  a  mixture  of  ammonium  nitrate 
(sp.gr.  1.74)  and  sodium  chloride  (sp.gr.  2.17)  is  readily  separated  into  its 
components  in  a  liquid  with  a  specific  gravity  of  (e.g.),  1.90,  so  that  the 
components  can  be  tested  separately  and  the  analyst  assured  that  the  mixture 
is  not  composed  of  sodium  nitrate  and  ammonium  chloride, — which  could  not 
be  ascertained  by  ordinary  quantitative  analysis.  (For  example,  a  mixtun 
composed  of  16.61%  Na,  44.76%  NO,,  13.00%  NH,  and  25.63%  CI  ma; 
contain  either  61.37%  NaNO,  and  38.63%  NHiCl,  or  57.76%  NH.NO,  and 
42.24%  NaCl,  or  varying  proportions  of  all  four  ingredients.)  The  chloro- 
form-bromoform  mixtures  are  recovered  by  filtering  and  used  repeatedly. 

The  specific  gravities  of  some  of  the  more  common  salts  that  may  be  found 
are  as  follows : 

Ammonium  alum  fcryst.) 1.82 

"  chloride 1.62 

"  nitrate 1.74 

"  perchlorate 1 .87 

"  sulphate 1.77 

Barium  nitrate . . 


sulphate  (anhydrous) 2.97 

Bulphale+2H,0 2.32 

Magnesium  carbonate 3.04 

Bulphate+7H^ 1.68 

Manganese  dioxide 5.03 

Potassium  alum  (cryst.) 1.75 

"  chlorate 2.33 

"         chloride 1.99 

"         nitrate 2.06 

"         perchlorate 2.52 

"         sulphate 2.66 

Sodium  chloride 2.17 

"       nitrate 2.26 

"       sulphate  (anhydrous) 2.66 

"       sulphate +IOH1O 1.46 

Moisture.  The  determination  of  moisture  in  all  types  of  "permissible" 
explosives  is  carried  out  by  the  method  described  for  nitroglycerin  dynamited 
(page  1375).  The  influence  of  the  slight  volatility  of  nitroglycerin  and  of 
certain  nitrosubstitution  compounds  on  the  results  of  this  determination  hatf 
been  discussed  (pp.  1375,  1381).  A  more  serious  factor  in  the  case  of  many 
"permissible"  explosives  is  the  presence  of  salts  containing  water  of  crystallixa-' 
tion.  Moet  salts  of  this  type  (e.g.,  MgSOi.7H20)  undergo  a  gradual  loss  of  ^■ 
large  part  of  their  combined  water  on  desiccation  over  either  HiSO,  or  CaClw 
thus  rendering  it  impossible  to  differentiate  between  hygroscopic  moisture  anc^ 

'Storm,  C.  G.,  and  Hyde,  A.  L.,  "Specific  Gravity  Separation  Applied  to  th^ 
Analysis  of  Mining  Explosives,    Tech,  Paper  No.  78,  Bureau  of  Mines,  1914. 
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combined  water.  Attempts  to  remove  the  total  water  content  by  heating  at  a. 
temperature  high  enough  to  drive  off  all  of  the  water  of  Gryetallization  are  use- 
less on  account  of  the  increased  volatilization  of  nitroglycerin,  ammonium 
nitrate,  etc.,  at  such  temperatures. 

In  such  cases  it  is  necessary  to  determine  alt  other  constituents  by  direct 
methods  and  estimate  moisture  by  difference,  the  salt  to  which  the  water  of 
crystallization  belongs  being  calculated  as  containing  its  full  quota  of  water; 
or  the  crystallized  salt  may  be  calculated  as  anhydrous  and  the  difference 
from  100%  reported  as  "water  of  crystallization  plus  moisture." 

Extraction  with  Ether,  The  extraction  with  ether,  the  evaporation  of  the 
ether,  and  the  analysis  of  the  ether-soluble  portion  are  conducted  as  already 
discussed  for  nitroglycerin  dynamites  (pp.  1375,  137G}. 

In  drying  the  crucibles  containing  the  residue  Insoluble  in  ether,  a  tempera- 
ture of  100°  C.  may  be  used  except  when  the  residue  contains  ammonium 
nitrate  or  organic  nitrates  such  as  nitrocellulose,  nitroatarch,  or  nitrated  wood. 
When  any  of  these  substances  are  present,  the  residue  should  be  dried  to  con- 
stant weight  at  70°  C.  Except  when  salts  containing  water  of  crystallization 
are  present,  the  amount  of  ether-soluble  material  found  is  calculated  by 
deducting  the  moisture  determined  by  desiccation,  from  the  difference  between 
the  weight  of  original  sample  and  the  weight  of  the  dried  residue  insoluble  in 
ether.  The  procedure  fallowed  when  water  of  crystallization  is  present  is 
noted  in  the  preceding  paragraph. 

Extraction  with  Water.  Water-soluble  salts  are  extracted  from  the  weighed 
residue  insoluble  in  ether  as  already  described,  the  residue  left  in  the  crucibles 
dried  to  constant  weight  at  95  to  100°  C,  cooled  and  weighed.  The  water 
soluble  salts  in  the  solution  are  determined  by  the  usual  methods  of  inorganio 
analysis. 

Nitrates.  In  determining  nitrates  by  the  nitrometer  method  (see  p.  354) 
it  must  be  remembered  that  the  presence  of  a  considerable  quantity  of  chlorides 
may  interfere  with  the  accuracy  of  the  results.  Many  of  the  "permissible" 
explosives  contain  sodium  chloride  in  amounts  varying  from  1%  to  10  or  15%. 
M.  T.  Sanders'  has  shown  that  if  the  sodium  chloride  is  present  in  an  amount 
exceeding  15-17%  of  the  sodium  nitrate,  the  result  is  not  accurate  within  0.1%. 
Smaller  amounts  of  sodium  chloride  do  not  interfere,  except  to  increase  the 
amount  of  sludge  formed  in  the  nitrometer. 

Nitrates  may  also  be  determined  by  the  "nitron"  method  of  Busch.* 
Chlorates.  Chlorates  may  be  determined  by  any  of  the  methods  described 
on  page  152  (reduction  with  SOi,  FeSOi,  or  Zn)  or  by  the  formaldehyde 
method.*  In  the  latter  method  a  portion  of  the  solution,  containing  about 
0.5  K.  of  chlorate  is  diluted  to  150  cc,  5-10  c.  of  40%  formaldehyde  solution, 
2  cc.  dilute  HNOi  (1  ;  3),  and  50  cc.  of  approx.  tenth  normal  silver  nitrate 
Added,  the  solution  covered  and  heated  on  the  steam  bath  for  about  4  hours, 
when  the  precipitate  of  AgCl  ia  filtered  off,  washed,  dried  and  weighed.  This 
method  is  accurate  to  .05  to  .10%. 

■Sanders,  M.  T.,  "The  ESect  of  Chlorides  on  the  Nitrometer  Determination  of 
Nitr«l«8,"  J.  Ind.  4  Eng.  Chem.,  12,  p.  169-170,  1919. 

'Bee  page  345,  also,  for  further  details,  "The  Analysis  of  Permissible  Explosives," 
Bureau  of  Minee,  Bulletin  96,  pages  60-2. 

,  'Storm,  C.  G.,  "The  Analysis  of  Permionble  Explosives,"  Bulletin  96,  Bureau  of 
MisM,  pp.  63-4,  1916. 
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Perchlorat«B.  The  determination  of  perchlorates  by  reduction  to  chloridea 
on  ignition  with  NH4CI  in  the  presence  of  platinum  is  described  on  pi^  1128.  * 
Perchlorates  may  also  l>e  determined  by  means  of  precipitation  with  "nitron" 
in  exactly  the  same  manner  as  for  nitrates.  The  weight  of  nitron  perchlonite 
(C«Hi,N,HC10,)  found,  multiplied  by  117.5  (mol.  wt.  of  NH.aO*)  and 
divided  by  412.5  (mol.  wt.  of  nitronperc  hi  orate)  gives  the  we^ht  of  percUorate 
found,  expressed  as  NH,C10(. 

Gum  Arabic.  This  substance,  sometimes  used  as  a  binder  in  dry  explosive 
mixtures— especially  chlorate  or  perchlorate  powders — is  determiDod  by 
precipitation  with  basic  lead  acetate  solution,  prepared  by  adding  150  g.  <rf 
normal  lead  acetate  and  50  g.  lead  oxide  (PbO)  to  500  cc.  distilled  water, 
heating  almost  to  boiling,  and  filtering.  This  reagent  is  added  to  the  solution 
containing  the  gum  arabic  until  no  further  precipitation  occurs;  the  mixture 
is  allowed  to  stand  for  several  hours,  then  filtered,  washed  with  absolute 
alcohol,  dried  at  100°  and  weighed.  The  weight  of  precipitate  multiplied  by 
the  factor  0.4971  (determined  experimentally)  gives  the  weight  of  gum  arabic 
found.  Clilorides  or  sulphates,  if  present,  interfere  with  the  determination 
and  must  be  first  removed. 

Sugar,  Sugar  may  be  present  as  an  ingredient  in  some  "permissible" 
explosives,  and  is  always  found  in  small  amounts  in  the  water  extract  if  cereal 
products  such  as  corn  meal  or  wheat  middlings  are  present.  A  portion  of  the 
water  extract  is  acidified  with  HCl  (1  cc.  cone.  HCI  to  100  cc.  solution),  heated 
just  to  boiling,  cooled,  nearly  neutralized  with  NaiCO),  an  excess  of  Fefaling's 
solution  added  and  the  mixture  heated  until  reduction  is  complete.  The  Cu-O 
is  filtered  from  the  blue  liquid,  dried,  ignited  to  constant  weight,  and  weighed 
as  CuO.  This  weightX0.430S  equals  weight  of  cane  sugar.  The  result  is 
corrected  for  the  result  of  a  blank  determination  using  distilled  water  instead 
of  the  water  extract.  By  the  use  of  this  method  after  first  extracting  with 
ether,  then  with  water,  com  meal  was  found  to  contain  2.65%  and  wheat 
middlings  6.25-7.00%  of  sugar.  Thus  an  explosive  containing  25%  wheat 
middlings  would  show  as  much  as  1.75%  of  sugar  in  its  water  extract. 

Extraction  with  Acid.  As  In  the  ordinary  nitroglycerin  dynamites,  the 
substances  removed  from  "permissible"  explosives  by  acid  extraction  are 
chiedy  substances  added  as  antacids,  including  calcium  carbonate,  magnesium 
carbonate  and  zinc  oxide.  Other  acid-soluble  materials  that  may  be  present 
include  metallic  aluminum  or  zinc,  ferric  oxide,  manganese  dioxide,  and  calcium 
silicide.  When  starch  is  present,  the  residue  from  the  water  extraction  is  sub- 
jected to  hydrolj'sis  in  boiling  dilute  HCl  as  already  described  (page  1378), 
and  the  acid-aoluble  inorganic  components  determined  in  the  filtrate  by  the 
usual  methods.  An  extraction  with  cold  acid  is  made  only  when  there  is  no 
starch  present. 

Extraction  with  Acetone:  Nitrocellulose  and  Nitrostarch.  If  eith^ 
nitrocellulose  or  nitrostarch  is  present,  an  extraction  with  acetone  is  made  as 
described  for  gelatin  dynamite  (page  1401).  It  should  be  noted  in  connection 
with  the  preceding  steps  in  the  analysis  that  in  order  to  avoid  partial  solution 
of  these  substances  in  ether,  the  ether  used  in  the  ether  extraction  should  be 
alcohol-free  (distilled  from  sodium),  and  also  that  all  drying  of  residues  con- 
taining these  materials  should  preferably  be  conducted  at  70°  instead  of  100°, 
in  order  to  avoid  partial  decomposition.  It  is  impracticable  to  separate  nitro- 
atarch  from  nitrocellulose  but  they  are  not  likely  to  be  found  together  in  the 
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same  explosive.     Small  amounts  of  nitrocelluloae  are  detected  less  readily 
than  nitrostarch,  which  ia  easily  identified  by  the  microscope. 

Intoluble  Residue  and  Ash.  The  insoluble  residue  is  usually  carbonaceous 
combustible  or  absorbent  material  and  is  in  most  cases  readily  identified  by 
means  of  a  microscope  (preferably  binocular)  with  low  power  (25-50  diameters). 
The  possible  i>resence  of  any  inorganic  material  which  may  have  been  over- 
looked in  the  analysis  is  detected  by  means  of  a  determination  of  ash,  the 
re^ue  being  ignited  until  all  carbon  is  burned  off  and  the  mineral  residue 
weighed.  This  is  usually  not  over  0.2%.  If  higher  than  0.5%,  there  is  reason 
to  suspect  that  some  such  material  as  Ideselguhr  or  clay  is  present,  or  that  the 
extractions  with  water  or  acid  were  not  complete. 


NITROSTARCH  EXPLOSIVES 

General  Nature.  Nitrostarch  explosives  have  been  for  a  number  of  years 
used  to  a  very  considerable  extent  in  this  country  for  commercial  blasting 
purposes,  chiefly  for  quarrying.  During  the  war,  explosives  of  this  class  were 
adopted  by  the  United  States  for  certain  military  purposes  and  proved  satis- 
factory substitutes  for  trinitrotoluene  as  bursting  charges  for  hand  grenades, 
rifle  grenades  and  trench  mortar  shell. 

The  commercial  nitrostarch  explosives  may  contain,  in  addition  to  the 
nitrostarch,  any  or  all  of  the  following  components:  oxidizing  agents,  as 
sodium  or  ammonium  nitrates,  combustible  material,  such  as  charcoal,  flour, 
sulphur,  etc.,  mineral  oil,  and  antacids,  such  as  calcium  carbonate,  or  zinc 
oxide.  Nitrostarch  military  explosives  may  consist  of  some  such  mixture  as 
the  above,  or  may  be  composed  almost  entirely  of  nitrostarch  with  the  addition 
of  relatively  small  amounts  of  oils  and  materials  used  for  granulating.  Some 
types  of  nitrostarch  explosives  proposed  for  military  use  contained  water  in 
amounts  up  to  10-15%  combined  with  a  mixture  of  nitrostarch  and  a  soluble 
nitrate. 

For  commercial  use,  nitrostarch  explosives  are  put  up  in  cartridge  form  in 
paper  wrappers,  just  as  nitroglycerin  explosives  are  prepared. 

Moisture.  Moisture  ia  determined  as  in  the  case  of  nitroglycerin  dyna- 
mites. 3  to  5  grams  of  the  sample  is  desiccated  over  sulphuric  acid  for  2-3 
days  (2  days  is  usually  sufficient  to  give  constant  weight),  or  for  24  hours  in  a 
vacuum  desiccator  with  a  vacuum  of  at  least  700  mm.  of  mercury.  Unlike 
nitroglycerin,  nitrostarch  does  not  volatilize  and  may  be  desiccated  to  con- 
stant weight.  When  heated  to  higher  temperatures,  e.g.,  100°  C,  for  any 
extended  time,  it  undergoes,  like  all  nitric  esters,  a  gradual  decomposition  with 
loss  of  weight. 

Eztractian  with  Petroleum  Ether:  Oils,  Sulphur,  etc.  The  small  amount 
of  alcohol  usually  present  in  ordinary  grades  of  ethyl  ether,  is  sufficient  to 
cause  partial  solution  of  the  nitrostarch,  if  ethyl  ether  is  used  for  removing 
oily  ingredients,  sulphur,  etc.,  nitrostarch  being  readily  .soluble  in  mixtures 
of  ether  and  alcohol.  It  is  therefore  advisable  to  use  petroleum  ether,  which 
does  not  dissolve  nitrostarch,  for  this  extraction. 

A  sample  of  al>out  10  grams  of  the  explosive,  in  a  Gooch  crucible  with 
asbestos  mat,  is  extracted  with  pure  petroleum  ether  of  about  0.65  specific 
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gravity,  the  excess  solvent  removed  by  Buction  and  the  crucible  with  nmjda 
dried  to  constant  weight  at  approximately  70°  C.  The  %  loss  d  we^t, 
minus  the  moisture  content,  already  determined,  repreeenta  the  percentagB 
of  ether-soluble  material  present.  The  petroleum  ether  is  removed  by  evi^ 
oration,  the  residue  of  ether-soluble  materiab  dried,  wdghed,  and  its  com- 
ponents determined  by  the  methods  used  for  dynamites. 

Extraction  with  Water:  Nitrates,  Gums,  etc.  The  dried  and  weigbed 
residue  insoluble  in  petroleum  ether  is  extracted  with  distilled  water  to  remove 
the  nitrates  or  other  water-soluble  materials.  The  insoluble  residue  left  ia 
the  crucible  is  dried  at  a  temperature  of  80°  C.  (100°  may  cause  some  deeom-  1 
position  of  the  nitrostarch)  for  several  hours,  and  weighed,  the  loas  of  weight 
being  total  water  extract  and  serving  as  a  check  against  the  sum  of  the  coav- 
ponents  separately  determined. 

Ammonium  nitrate,  if  present,  ia  determined  in  the  water  solution  by  the 
usual  method  of  distillation  of  the  NHi  after  adding  an  excess  of  alkali.  So- 
dium nitrate  is  determined  by  evaporating  the  water  extract,  volatiliiii^ 
ammonium  salts,  and  weighing  the  residue  after  re-oxidizing  with  nitrie  add 
if  charring  has  indicated  the  presence  of  any  water-soluble  organic  material 
(page  137S). 

If  the  original  explosive  is  granular  in  form,  the  presence  of  a  binding  or 
agglutinating  material  in  the  water  extract  may  be  suspected.  Although 
numerous  other  substances  may  be  used  for  the  purpose,  gum  arable  is 
frequently  employed  as  a  binding  agent  in  different  types  of  dry  explosives.  A 
qualitative  test  for  gum  arable  has  been  mentioned  on  page  1385,  and  ita 
quantitative  determination  may  be  conducted  as  described  on  page  1388,  bj 
precipitation  with  basic  lead  acetate  solution. 

Insoluble  Residue:  Nitrostarch,  Charcaal,  Cereal  Products,  etc.  Starch. 
A  microscopic  examination  of  the  weighed  insoluble  residue  will  usually  serve 
to  identify  its  components.  Any  un-nitratcd  starch  or  cereal  products  is 
readily  distinguished  from  nitrostarch  by  treating  with  a  drop  of  KI  solution 
of  iodine  and  examining  under  the  microscope,  when  the  un-nitrated  starch 
granules  will  appear  blue  or  black  and  the  nitrated  starch  colorless  or  yellow. 
Charcoal  is  identified  by  its  color. 

Un-nitrated  starch,  if  present  in  an  amount  greater  than  a  trace,  is  deto^ 
mined  by  boiling  with  dilute  HjSOi  or  HCl  until  iodine  solution  no  longw 
colors  a  drop  of  the  liquid  blue,  then  filtering  and  washing  thoroughly.  The 
residue  is  dried  at  100°  and  weighed,  the  loss  of  weight  representing  starch. 

Nitrostarch.  Another  portion  of  the  insoluble  residue  (the  analysis  being 
conducted  in  duplicate),  is  extracted  with  acetone  in  a  Wiley  extractor  or 
other  continuous  extraction  apparatus,  or  by  transferring  the  residue  from  the 
crucible  to  a  small  beaker,  digesting  in  acetone  with  stirring,  and  filtering 
through  the  s.ime  crucible,  washing  with  fresh  acetone.  This  extraction 
dissolves  all  of  the  nitrostarch,  leaving  any  charcoal  or  cereal  products  that 
may  be  present.  The  residue  is  dried  at  100°  and  weighed,  the  loss  of  weight 
representing  nitrostarch. 

The  nitrogen  content  of  the  nitrostarch  may  be  determined,  if  desired, 
by  precipitating  the  nitrostarch  from  the  clear  acetone  solution  by  the  addition 
of  water  and  evaporation  on  a  steam  bath.  A  portion  of  the  white,  floury 
precipitate  is  then  dried  at  70°-80°  C,  weighed,  and  its  nitrogen  content  de" 
termined  in  the  nitrometer  (see  page  354  Vol.  I). 
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Charcoal.  It  charcoal  ia  present  its  weight  may  be  taken  direct,  in  the 
abeence  of  cereal  products  or  other  substancea.  When  the.  residue  contains 
cereal  products,  the  material  left  after  hydrolysis  of  the  starch  and  extraction 
of  the  nitroatarch  will  contain  the  crude  fibre  of  the  cereal  together  with 
charcoal  or  other  insoluble  ingredients,  A  separation  of  such  components  is 
usually  impracticable. 

Trinitrotoluene  (TNT.) 

Trinitrotoluene,  commonly  designated  in  this  country  by  the  abbreviation 
TNT.,  is  also  known  in  this  and  other  countries  by  such  names  as  triton,  trotyl, 
tolite,  trilite,  trinol,  tritolo,  etc.  The  term  trinitrotoluol,  which  ia  probably 
more  commonly  used  than  trinitrotoluene,  is  incorrect  according  to  approved 
chemical  nomenclature. 

This  explosive  is  of  the  greatest  importance  as  a  high  explosive  for  military 
use,  being  adaptable  as  a  bursting  charge  for  high  explosive  shell,  trench 
mortar  ahell,  drop-bombs,  grenades,  etc.,  because  of  its  powerful  explosive 
properties,  relative  safety  in  manufacture,  handling,  etc.,  its  stabihty,  its  lack 
of  hygroecopicity,  and  absence  of  any  tendency  to  form  sensitive  compounds 
with  metals. 

It  ia  classified  by  the  Ordnance  Department,  U.  S.  A.,  into  three  grades, 
according  to  purity^Grades  I,  II,  and  III,  with  solidification  points  of  at  least 
80.0°,  79.5",  and  76°  C,  respectively.  Other  requirements — the  same  for  all 
grades — are  as  follows:  ash,  not  more  than  0.1%;  moisture,  not  more  than 
0-1%;  insoluble,  not  more  than  0.15%;  acidity,  not  more  than  0.01%. 

Solidification  Point.  The  determination  of  the  solidification  point  or 
"setting  point"  of  TNT.  is  the  best  single  test  for  purity  of  this  compound, 
and  is  preferably  carried  out  as  follows: 

A  sample  of  about  50  grams  of  TNT.  is  placed  in  a  1"X6"  test  tube  and 
melted  by  placing  the  tube  in  an  oven  at  about  90*  C.  The  tube  is  then 
inserted  through  a  large  cork  stopper  into  a  larger  test  tube  about  li"X7", 
which,  in  turn,  is  lowered  into  a  wide-mouth  liter  bottle,  so  that  the  rim  of  the 
Urge  tube  rests  on  the  neck  of  the  bottle.  The  inner  test  tube  ia  provided 
with  a  cork  stopper  containing  3  openings — one  for  a  standard  thermometer 
graduated  in  1/10°  C,  one  for  a  short  thermometer  which  is  passed  just  through 
the  stopi>er  and  is  used  for  noting  the  average  temperature  of  the  exposed 
mercury  column  of  the  standard  thermometer,  and  the  third  opening 
being  a  small  v-shaped  notch  at  the  aide  of  the  stopper,  through  which  passes 
&  wire  whose  lower  end  ia  bent  in  a  loop  at  right  angles  to  the  axis  of  the  tube 
and  which  ia  used  for  stirring  the  molten  sample  of  TNT. 

The  standard  thermometer  is  so  adjusted  that  its  bulb  is  in  the  center  of 
the  molten  mass,  and  the  stirrer  is  operated  i-igorously,  the  thermometer  being 
tratched  carefully  as  the  temperature  falls.  The  temperature  will  finally 
>«main  constant  for  an  appreciable  time  and  then  rise  slightly,  owing  to  the 
faeat  of  crystallization  of  the  TNT.  As  this  point  is  reached,  readings  should 
Yx  taken  about  every  15  seconds  until  the  maximum  temperature  of  the  rise 
la  reached.  This  temperature  will  usually  remain  constant  for  several  minutes 
■^fhile  crystallization  is  proceeding.  The  maximum  reading,  corrected  for  the 
emergent  stem  of  the  thermometer,  is  taken  as  the  solidification  point  of  the 
eample. 
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Ash.  About  5  grams  of  TNT.  is  moistened  with  sulphuric  acid  aad  burned 
in  a  tared  crucible.  The  residue  is  again  moistened  with  a  few  drops  of  nitm 
acid  and  sulphuric  acid  and  again  ignited  and  the  resulting  ash  weighed. 

Moisture.  A  sample  of  about  5  grams  spread  on  a  watch  ^ass  10  desiocated 
over  sulphuric  acid  to  constant  weight. 

Insoluble.  A  sample  of  about  10  grama  is  treated  with  150  cc.  of  95% 
alcohol,  heated  to  boiling,  and  filtered  while  hot  through  a  tared  Gooch  cmdfale 
with  asbestos  mat.  The  insoluble  residue  ia  washed  with  hot  alcohol,  dried 
at  100°  C.  and  weighed. 

Acidity.  A  10-gram  sample  is  melted  in  a  large  teat  tube  or  a  flask  uid 
shaken  with  100  cc.  of  neutralized  boiling  water,  cooled  and  the  water  decanted. 
A  similar  treatment  is  given  using  50  cc.  of  boiling  water,  the  two  portions  of 
water  combined,  cooled  and  titrated  with  tenth  normal  NaOH,  using  phenol- 
phthalein  indicator.  The  acidity  is  calculated  as  %  H^O^  in  the  original 
eampte. 

Nitrogen.  Nitrogen  ia  not  usually  determined  in  the  inspectioD  of  TNT. 
but  when  necessary  it  may  be  determined  by  the  Dumas  combustion  method 
or  the  modification  of  the  Kjcldahl  method  described  on  page  1382. 

Picric  Acid 

Ordnance  Department,  U.  S.  A.,  specifications  for  picric  acid  prescribe 
that  it  shall  have  a  solidification  point  of  not  less  than  120°  C;  that  it  shall 
contain  not  more  than  the  following  amounts  of  impurities: 

Moisture— 0.2%  for  dry  material 12.0%  for  wet. 

Sulphuric  acid  (free  and  combined) 0.10% 

Ash 0.2% 

Insoluble  in  water 0.2% 

Soluble  Ipad 0.0004% 

Nitric  acid  (free) none 

Solidiflcation  Point.  Dry  the  sample  at  a  temperature  not  exceeding  50°  C. 
Melt  sufficient  to  give  a  3-inch  column  in  a  6-inch xj-inch  test  tube  immersed 
in  a  bath  of  glycerin  heated  to  130°  C.  When  the  sample  is  completely  melted 
remove  the  tube  from  the  bath  and  stir  the  sample  with  a  standardized  ther- 
mometer graduated  in  0.10  degrees,  until  the  picric  acid  soUdifies.  During 
solidification  the  temperature  will  remain  constant  for  a  short  time  and  then 
undergo  a  slight  rise.  The  highest  temperature  reached  on  this  rise  is  recorded 
as  the  solidification  point.  The  test  may  be  more  accurately  carried  out  using 
the  apparatus  and  method  as  described  under  trinitrotoluene  (p.  1391). 

Moisture.  A  weighed  sample  of  about  10  grams  is  spread  evenly  on  a 
tared  watch  glass  and  dried  to  constant  weight  (about  3— i  hours)  at  70°  C. 

Sulphuric  Acid.  About  2  grams  is  weighed  and  dissolved  in  50  cc.  of 
distilled  HjO,  acidified  with  HCI  and  heated  to  about  boiling.  Hot  BaCli 
solution  is  added  with  stirring  and  the  mixture  allowed  to  stand  at  least  1  hour 
on  the  steam  bath.  Filter  hot  on  a  tared  Gooch  crucible,  wash  with  water, 
dry  at  100°  C.  and  weigh.     Calculate  BaSO*  found  aa  H1SO1  in  original  sample. 

Ash.  About  1  gram  is  weighed  in  a  platinum  crucible,  saturated  with 
melted  paraffin,  burned  carefully,  and  the  residue  ignited  to  burn  oB  all  carbon. 
The  lesulting  ash  is  cooled  and  weighed. 
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Insoluble  ia  Water.  10  grame  of  the  sample  is  treated  with  150  CC.  boiling 
water,  boiled  for  10  minutes,  filtered  while  hot  through  a  tared  Gooch  crucible, 
washed  well  with  hot  water,  and  the  insoluble  residue  on  the  filter  dried  at 
100°,  cooled,  and  weighed. 

Soluble  Lead.  The  presence  of  soluble  lead  in.pi«uc--&cid  is  Jiighly.  objec- 
tionable, because  lead  ptcratc  is  an  extremely  sensitive  explosive  and  its 
presence  would  greatly  increase  the  dangers  involved  in  handhng  and  loading 
picric  acid.  A  weighed  sample  of  about  300  g.  is  digested  in  a  2-liter  flask 
with  100  CC.  of  a  hot  saturated  solution  of  barium  hydroxide  in  65%  alcohol. 
1400  CC.  of  05%  alcohol  is  then  added  and  the  digestion  continued  at  a  temper- 
ature  below  the  boiling  point  (with  reflux  condenser),  until  everything  except 
traces  of  iosoluble  matter  is  in  solution.  The  picric  acid  is  then  allowed  to 
crystallize  on  cooling,  and  the  solution  filtered  off,  decanting  the  clear  liquid 
from  the  crystals  until  500  cc.  of  filtrate  is  obtained.  This  500  cc,  representing 
100  g.  of  picric  acid,  is  treated  with  5  drops  UNO,  and  10  cc.  of  1%  HgCh 
solution,  and  H:S  passed  through  it  for  15  minutes.  Allow  the  precipitate  to 
settle  for  20  minutes,  filter  and  wash  with  alcohol  saturated  with  HjS.  Drj-  and 
ignite  the  precipitate,  then  dissolve  the  residue  in  9  cc.  of  HNOj  {sp.gr.  1.42) 
by  wanning,  add  warm  water  to  bring  the  volume  to  50  cc,  and  elcctrolise  at 
0,4  ampere  and  2.5  volts,  temperature  65°  C,  for  I  hour.  Wash  the  electrode 
by  replacing  the  beaker  with  another  one  containing  distilled  water  without 
interrupting  the  current.  Dry  and  weigh  the  previously  tared  anode.  The 
weight  of  lead  peroxide  foundxO.3661  gives  the  percentage  of  soluble  lead 
found. 

Hitric  Acid.  No  coloration  should  result  when  a  water  solution  of  picric 
acid  ia  treated  with  a  solution  of  diphenylamine  in  sulphuric  acid. 

Ammonium  Picrate 

Ammonium  picrate,  also  known  in  this  country  as  "Explosive  D,"  is  of 
importance  as  a  military  explosive  more  on  account  of  its  insensitivenesa  to 
shock  and  friction,  than  because  of  its  explosive  strength,  which  is  less  than 
that  of  TNT.     Its  chief  use  is  as  a  bursting  charge  in  armor-piercing  projectiles. 

Military  specifications  require  it  to  be  prepared  from  picric  acid  of  standard 
purity,  to  contain  not  less  than  5.60%  ammoniacat  nitrogen,  and  not  more 
than  the  following  amounts  6t  impurities: 

Moisture 0.20% 

Sulphuric  acid  {tree  and  combined) 0.10% 

Nitrates trace 

Insoluble  material 0.20% 

Aah 0.20% 

Nitropheuols 0.50% 

Moisture.  A  sample  of  about  10  grams  spread  on  a  tared  watch  glass  ia 
dried  at  95°  C.  to  constant  weight  (about  2  hours). 

Sulphuric  Acid.  About  5  grams  ia  dissolved  in  100  cc.  of  hot  water,  filtered, 
washed  with  25  cc.  hot  water,  the  filtrate  acidified  with  HCI,  heated  to  boiling 
and  treated  with  hot  BaCli  solution.  Any  precipitate  is  filtered  on  a  weighed 
Gooch  crucible,  dried  at  100°  C,  weighed  and  calculated  as  HiSO,. 

Ifitrttes.  A  water  solution  of  the  sample  tested  with  diphenylamine  and 
HiSOi  should  give  no  blue  coloration. 
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Insoluble  Material.  A  lO-gram  sample  is  boiled  vith  150  cc.  of  water  for 
10  minutes,  filtered  on  a  Gooch  crucible,  the  residue  washed  with  hot  water, 
dried  at  100°  and  weighed. 

Ash.  A  sample  of  about  1  gram  is  saturated  with  melted  paraffin  and 
burned  in  a  tared  crucible,  the  residue  ignited  to  bum  off  all  carbon,  and  the 
ash  weighed. 

Nitiophenols.  10  grams  of  powdered  sample  is  treated  with  50  CC.  of 
chloroform  for  30  minutes  with  frequent  stirring  and  filtered  into  a  100  cc 
tared  flask,  the  residue  being  washed  with  25  cc.  of  chloroform.  The  filtrate 
is  evaporated  to  dryness  and  any  residue  obtained  weighed.  This  residue  is 
treated  with  ammonium  hydroxide,  again  evaporated  to  dryness  and  extracted 
the  second  time  with  25  cc.  of  chloroform.  The  chloroform  filtrate  is  evap- 
orated to  dryness  and  the  residue  weighed.  The  difference  in  weight  between 
this  residue  and  the  first  residue  equals  the  nitrophenols,  other  chloroform- 
soluble  having  been  eliminated  by  the  ammonia  treatment  and  second  extrac- 
tion. 

Tetryl 

Tetryl  is  the  commercial  term  applied  to  the  explosive  tntutrophen]4- 
methylnitramine,  also  improperly  cdled  tetranitromethylaniUne.  Its  etad 
use  is  as  a  "booster"  charge  in  high  explosive  shell,  where  it  serves  to  transmit 
the  detonating  wave  from  the  detonator  or  fuze  to  the  less  senedtive  bursting 
charge.  Being  in  immediate  contact  with  the  fuze  it  must  be  of  a  high  degree 
of  purity,  and  is  required  by  Ordnance  Department  specificBtioiis  to  have  a 
melting  point  of  at  least  128°  C.  and  to  contain  not  more  than  the  following 
amounts  of  impurities: 

Moisture 0.05% 

Acidity  (as  H,80,) 0.01% 

Insoluble  in  acetone 0.30% 

Ash 0.15% 

Sodium  salts tnee 

Melting  Point.  The  sample  to  be  used  for  this  test  is  dried  overnight  in  a 
vacuum  desiccator  and  pulverized  to  pass  a  lOO-mesh  screen.  A  capillary 
melting- point  tube  is  filled  to  about  }  inch  from  the  bottom  and  attached  to 
-  the  stem  of  a  standard  thermometer  so  that  the  sample  is  next  to  the  center 
of  the  bulb.  The  bath  is  properly  agitated  and  provision  made  for  correcting 
for  the  emergent  stem  of  the  thermometer.  The  temperature  of  the  bath  is 
raised  rapidly  to  120°  C,  then  at  the  rate  of  1°  in  3  minutes,  the  temperature 
at  which  the  first  meniscus  appears  across  the  capillary  tube  being  noted  as  the 
melting  point. 

Moisture.  A  sample  of  about  10  grams  is  weighed  in  a  wide  shallow 
weighinR  bottle  and  dried  over  sulphuric  acid  in  a  desiccator  for  24  hours,  the 
sample  being  spread  uniformly  so  that  its  depth  is  not  over  0.5  cm.  The  loss 
of  weight  is  regarded  as  moisture. 

Acidity.  A  lO-gram  sample,  finely  powdered,  is  shaken  for  5  minutes  with 
50  cc.  of  boiled  distilled  water,  filtered,  washed  with  50  cc.  more  water,  and  the 
filtrate  and  washings  titrated  with  N/50  NaOU  eolution  using  phenolphthalda 
indicator. 
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Inaoluble  in  Acetone.  10  grams  of  sample  is  disBolved  in  75  cc.  of  acetone, 
filtered  through  a  tared  Gooch  crucible,  and  the  residue  washed  vith  25  cc. 
of  acetone,  dried  to  constant  weight  at  lOO"  C.  and  weighed. 

Ash.  The  dried  residue  insoluble  in  acetone  is  ignited,  cooled  in  a  dedcc&tor 
and  weighed. 

Sodium  Salts.  Any  sodium  present  in  tetryl  is  combined  as  sodium  picrate. 
10  grams  of  the  tetryl  are  boiled  in  50  cc.  diBtilled  water,  cooled,  filtered,  the 
filtrate  acidified  with  acetic  acid  and  evaporated  to  10  cc,  cooled  again  and 
filtered.  The  filtrate  is  made  alkaline  with  ammonia  and  treated  with  5  cc.  of 
10%  solution  of  ammoniacal  capper  sulphate.  Any  sodium  picrate  will  be 
precipitated  as  crystals  of  cupro  ammonium  picrate  on  standing  for  a  few 
minutes. 

Mercury  Fulminate 

In  commercial  blasting  caps  and  electric  detonators  mercury  fulminate  is 
generally  found  intimately  mixed  with  potassium  chlorate.  It  is,  however, 
used  without  admixture  in  certain  types  of  detonators,  in  the  fuzes  of  high 
explosive  shell  and  for  other  military  purposes.  It  is  usually  purchased  under 
specifications  wliich  provide  that  it  shall  be  at  least  98%  pure,  shall  be  free 
from  acid,  and  contain  not  more  than  2%  insoluble  matter,  1%  free  mercury, 
and  0.05%  chlorine  in  the  form  of  chlorides. 

Preparation  of  Sample.  Mercury  fulminate  being  packed  and  handled  in  a 
thoroughly  wet  condition  until  dried  just  before  use,  it  is  generally  necessary 
to  dry  the  sample  before  testing.  Iliis  may  be  done  by  exposing  in  a  low 
temperature  oven  at  not  more  than  50°  C  until  practically  dry,  then  in  a 
desiccator  (not  a  vacuum  desiccator)  over  sulphuric  acid  or  calcium  chloride 
until  its  weight  is  constant. 

Herctuy  Fulminate  Content  Exactly  0.3  g.  is  weighed  into  a  wide- 
mouthed  Erlenmeyer  flask  containing  250  cc.  distilled  water,  and  30  cc.  of  a 
20%  solution  of  purest  sodium  thiosulphate  is  added  quickly  and  the  mixture 
shaken  for  exactly  1  minute.  At  once  titrate  with  N/IO  hydrochloric  acid 
using  3  drops  of  methyl  orange  indicator,  the  titration  to  be  commenced 
1  minute  after  adding  the  sodium  thiosulphate,  and  to  occupy  not  more 
than  1  minute  additional  time. 

The  percentage  of  mercury  fulminate  is  calculated  from  the  volume  of  - 
standard  acid  required,  after  deducting  the  volume  of  acid  required  for  a 
Uanlc  determination.     Four  molecules  of  RCI  are  equivalent  to  1  mol.  of 
mercury  fulminate,  or  1  cc.  N/10  HCI  equals  0.00711575  g.  mercury  fulminate. 
The  reaction  is  assumed  to  be  as  follows: 

HgC,N,0,+2Na,S,0,+2H,0-HgS,0,+4NaOH+C,N,. 

Acidity.  A  10-g.  sample  is  extracted  with  2  successive  25-cc.  portions  of 
boiled  distilled  water  in  a  Gooch  crucible,  and  3  drops  of  methyl  orange  solu- 
tion (1  g.  per  liter)  added.    No  red  tinge  of  color  should  be  obtained. 

Iiuidiible  Matter.  A  2-g.  sample  is  dissolved  in  hot  20%  NaiSiOi  solution, 
filtered  through  a  tared  Gooch  crucible  and  any  insoluble  washed  with  water 
then  with  alcohol  and  finally  with  ether,  dried  at  60''-70''  C.  and  weighed. 

Free  Mercury.  The  residue  of  insoluble  matter  obtained  as  described 
above  is  treated  vith  a  solution  of  3  g.  KI  and  6  g.  NaiSiOi  in  50  cc.  HtO  by 
passing  the  solution  through  the  Gooch  crucible.    Any  organic  mercury  com- 
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pounds  are  thus  converted  into  mercuric  iodide,  which  ii  soluMe  in  NoaBfOi 
solution.'  The  metallic  mercury  remains  behind  on  the' filter,  and  is  wadied 
with  HiO,  dried  1  hour  at  SC-W  C,  and  weighed.  - , 

-  Chlorides.  A  5-g.  sample  of  fulminate  is  extracted  iu  a  Gooch  crudUe 
with  2  successive  25  cc.  portions  of  distilled  water  at  W-lOO"  C.  Three 
drops  of  strong  HNOi  and  10  drops  of  10%  AgNOi  solution  are  added  to  the 
filtrate.  If  a  turbidity  results,  the  AgCI  should  be  determined  gravimetricBlly 
or  a  fresh  sample  extracted  and  the  filtrate  titrated  with  a  standard  AgNOi 
solution. 


Blasting  Caps  and  Electric  Detonators 

Preparation  of  Sample.  In  the  examination  of  blasting  caps  or  detonators 
for  either  commercial  or  military  use,  the  removal  of  the  detonating  compositioii 
frpm  the  copper  or  brass  shell  requires  considerable  precaution.  Blasting 
caps  are  emptied  by  squeezing  the  cap  gently  in  a  pair  of  "gas  forceps,"  the 
jaws  of  the  forceps  being  passed  through  a  small  openibg  in  a  piece  oif  heavy 
leather,  rubber  belting,  or  similar  material,  about  6"  square,  which  serves  as  a 
t^hield  to  protect  the  bund  in  cose  of  the  possible  explosion  of  the  cap  in  squeei- 
ing.  After  each  squeeze,  the  loosened  portion  of  the  charge  is  shaken  out  on  a 
piece  of  glazed  paper,  the  cap  turned  slightly  in  the  forceps  and  again  squeeied- 
The  pressure  on  the  cap  should  be  just  sufficient  to  slightly  dent  it,  and  in 
shaking  out  the  charge,  the  cap  should  not  be  tapped  on  the  table  or  other 
surface.     With  these  precautions  there  is  little  danger  of  an  explosion. 

■Electric  detonators  are  opened  by  first  cutting  off  the  wires  or  "legs" 
close  to  the  shell,  then  tearing  off  the  upper  portion  of  the  shell  by  qieans  of 
pointed  side-cutting  pliers,  the  cap  being  held  firmly  in  the  fingers'and  a  thin 
strip  of  the  copper  shell  being  torn  off  spirally  by  nipping  the  top  edge  of  the 
shell  with  the  forceps.  This  must  be  done  with  great  care,  especially  as  the 
portion  of  the  shell  containing  the  fulminate  charge  is  approached.  When  the 
greater  portion  of  the  plug  which  holds  the  wires  in  place  has  been  exposed, 
the  plug  and  wires  are  gently  pulle<l  out,  care  being  taken  to  avoid  force  and 
possible  friction,  and  any  adhering  particles  of  the  charge  brushed  off  onto 
glazed  paper.  The  charge  is  then  removed  from  the  lower  part  of  the  shell 
just  as  in  the  case  of  blasting  caps. 

The  charge  is  removed  separately  from  several  of  the  caps  or  detonators 
and  each  weighed  in  order  to  determine  the  average  weight  of  charge  as  weU 
as  variation  of  same. 

"  Reinforced  "  caps,  or  those  which  contain  a  small  perforated  inner  copper 
capSuie  pressed  on  top  of  the  charge,  must  be  opened  in  the  manner  described 
for  electric  detonators,  in  order  to  remove  the  inner  capsule.  Detonators  of 
this  type  usually  contain  a  main  charge  of  some  nitro  compound  superimposed 
by  a  layer  of  mercury  fulminate,  mixture  of  fulminate  and  chlorate,  or  lead 
azide.  Although  a  clean  mechanical  separation  of  the  two  layers  is  usually  not 
possible,  portions  can  be  taken  from  each  and  identified  by  qualitative  testa 
before  proceeding  with  a  quantitative  examination. 

Moisture.  The  moisture  content  of  the  composition  is  determined  by 
desiccating  to  constant,  weight  over  sulphuric  acid  or  calcium  chloride. 
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AnsIysiB  of  Composition  Containing  Mercury  Fulminate  and  Potassium 
Qilorate.  About  2-3  grams  of  the  well-mixed  composition  is  weighed  in  a 
Gooch  crucible  provided  with  asbestos  mat  or  disc  of  filter  paper  or  silk,  and 
first  moistened  with  a  few  drops  of  alcohol,  then  extracted  with  200-250  cc. 
of  cold  water  in  15-20  cc.  portions,  using  slif^ht  suction  after  each  portion  has 
remained  ia  the  crucible  for  a  few  minutes.  The  residue  in  the  filter  is  dried 
to  constant  weight  at  eO'-TO"  C.  (2-3  hours),  and  weighed. 

The  water  extract  contains  the  potassium  chlorate  and  a  portion  of  the 
mercury  fulminate,  which  is  slightly  soluble  in  cold  water.  It  is  treated  with 
2  CC-  of  ammonium  hydroxide  and  HtS  passed  to  completely  precipitate  the 
dissolved  mercury  fulminate  as  MgS.  This  black  precipitate  is  filtered  off, 
washed,  dried  and  weighed.  Its  weightXl.22  gives  the  amount  of  mercury 
fulminate  dissolved  by  the  water.  This  weight  added  to  the  weight  of  the 
dried  residue  insoluble  in  water  gives  the  total  weight  of  mercury  fulminate 
in  the  sample.  The  KCIOi  is  found  by  subtracting  the  %  of  mercury  fulminate 
'     +%  moisture  from  100%. 

Anidysis  of  Compositians  Containing   Nitrocompounds.     Trinitrotoluene, 

itetryl  or  picric  acid  can  be  identified  by  melting  point  test,  TNT.  melting  at 
about  79°-80°  C,  tetryl  at  about  128°  C,  and  picric  acid  at  about  120°-122''  C. 
They  may  be  extracted  from  the  mixture  by  means  of  ethyl  ether,  in  whicb 
mercury  fulminate  is  only  very  slightly  soluble,  and  the  determination  of 
KClOj  and  mercury  fulminate  then  made  as  described  in  the  preceding  para- 
paph. 
If  the  main  charge  is  an  organic  nitrate  such  as  nitrated  vegetable  ivory, 
mtrostarcb,  etc.,  such  material  will  be  left  with  the  mercury  fulminate  in  the 
insoluble  residue  after  extraction  with  water.  The  mercury  fulminate  is  then 
extracted  by  means  of  a  hot  20%  solution  of  sodium  thiosulphate,  leaving  the 
orianic  nitrate  in  the  Gooch  crucible.  These  materials  in  tbe  detonating 
composition  can  be  readily  identified  by  microscopic  examination. 

In  detonators  where  TNT.  or  tetryl  compose  tbe  main  portion  of  the 
chu^,  a  small  amount  of  lead  azide,  with  or  without  mercury  fulminate  may 
be  used  as  a  priming  charge  for  the  purpose  of  initiating  the  detonation  of  the 
nitrocompound.  It  should  be  identified  in  the  top  portion  of  the  charge, 
nert  to  the  reinforcing  cap,  and  will  in  all  probability  be  present  if  mercury 
fulminate  is  not  found.  It  is  practically  insoluble  in  water  and  in  ether,  and 
will  be  left  in  the  insoluble  residue.  If  present,  fulminate  is  destroyed  by 
treating  the  residue,  in  a  Raak,  with  25  cc.  of  KOH  solution.  This  converts 
the  lead  azide  to  potassium  azide,  KN).  A  slight  excess  of  HjSOt  is  added  and 
Ihe  mixture  distilled,  the  distillate,  containing  HNj,  being  collected  in  water. 
Enough  NaOH  is  added  to  the  distillate  to  give  an  alkaline  reaction  with  litmus, 
(hen  a  little  Pb(NOi)i,  when  lead  azide,  PbNg  will  be  regenerated  as  a  whiie 
precipitate,  which  may  be  filtered  off,  washed  with  water,  then  with  alcohol, 
dried  in  the  air,  and  tested  by  striking  a  small  portion  with  a  hammer. 
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Primers 

Variations  in  Composition.     Many  varieties  of  composition  are  used  in 

primers  for  small  arms  ammunition,  and  for  other  military  purposes.  *  Tlw 
composition  must  be  ignited  by  the  impact  of  the  firing  pin,  and  must  give  a 
flame  of  sufficient  intensity  and  duration  to  ensure  proper  ignition  of  the  pro- 
pellant  or  of  the  detonator,  depending  on  the  purpose  for  which  the  primer  is 
employed.  As  primers  are  used  with  various  kinds  and  granulation  of  explo- 
sives, a  priming  composition  suitable  for  one  purpose  is  unsuited  for  another; 
hence  there  are  many  types  of  priming  compositions,  a  few  of  which  are  indi- 
cated in  the  following  table: 

TYPES  OF  PRIMER  COMPOSITIONS 
APPROXIMATE  COMPOSITION    (PER  CENT) 


-V0,rN0.8    N.,,|Na*|No,6 

N«.B 

n<...|no.S 

Na* 

».«> 

11 

53 
36 

60 
7 

30 

50 
3 

3 

51 
2 

53 

25 

■5 
17 

53 
25 

-■ 

1? 

2 

47 
22 

3i 

38 

38 

:: 

a 

3i 

Sulphur 

Powdered  gloss 

Lead  sulphocyanat* 

Copper  sulphocyanale 

35 

TNT 

31 

Lead  oxide  (PbO) 

Shellac 

Black  powder  (meal) 

'2 

In  addition  to  these  ingredients  most  priming  compositions  are  mixed  with 
small  amounts  of  some  binding  material  dissolved  in  water  or  alcohol,  such  M 
gum  arable,  gum  tragacanth,  glue,  shellac,  etc.  These  traces  of  binding 
materials  are  usually  disregarded  in  the  analysis  of  the  compositions. 

Preparation  of  Sample.  If  the  caps  contain  anvils,  these  must  first  be 
carefully  removed,  as  well  as  any  covering  of  tin  foil  or  paper.  The  primer 
composition  is  then  carefully  removed  from  a  number  of  primers  and  webbed 
to  determine  the  average  charge.  It  is  then  carefully  crushed,  a  little  at  a  time, 
and  the  sample  well  mixed.  If  necessary,  it  may  be  removed  from  the  c«p« 
by  the  aid  of  water  or  alcohol  and  the  latter  removed  by  evaporation  before 
weighing. 

Qualitative  Examination.  The  following  special  tests  may  be  made  use  of 
in  connection  with  a  qualitative  analysis  of  the  mixture: 

A  small  amount  is  burned  l>etween  two  watch  glasses,  the  formation  of  & 
mirror  indicating  mercury,  antimony,  copper  or  lead.  The  mercury  mirror  U 
readily  volatile  on  gentle  ignition. 

Extract  a  portion  of  the  mixture  with  ether,  then  with  water,  then  with  Nar 
StCi  solution,  then  with  aqua  regia,  retaining  each  of  these  solutions. 

TNT.  or  tetryl  may  be  present  in  the  etlier  solution  and  are  Identified  by 
m.p.  or  color  teat,  TNT.  giving  a  deep  red  color  with  acetone  and  KOH. 
Sulphur  is  detected  by  burning  a  portion  of  the  ether-soluble  material  and 
noting  odor  of  SOi. 
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The  water  extract  is  tested  for  KClOt  by  adding  HtSOi,  boiling,  and  noting 
>dor  of  chlorine.  A  portion  is  treated  with  HCI  and  FeCIj,  a  red  color  indi- 
atting  thiocyanate.  The  usual  FeSOi  ring  test  is  made  for  nitrates.  A  white 
irecipitate  with  HiSOi  indicates  Ba  or  Pb. 

The  aqua  reitia  solution  is  diluted  and  tested  with  H^  for  antimony,  lead, 
uid  copper.  If  tiie  precipitate  is  not  orange-red,  lead  or  copper  are  indicated. 
EMasolve  in  HNOi,  neutralize  with  NH«OH;  a  blue  solution  indicates  copper, 
vhile  lead  is  detected  by  the  formation  of  a  white  precipitate  with  H:SO«. 

Any  material  insoluble  in  aqua  regia  may  be  powdered  glass  or  other 
ftbrasivc  material. 

Quantitative  Analysis.  The  method  of  analysis  will  depend  entirety  upon 
the  ingredients  indicated  by  qualitative  tests.  In  general,  a  separation  is 
beat  effected  by  successive  extractions  with  ether,  water,  NaiSjOj  solution 
(to  remove  fulminate),  dilute  or  concentrated  HCI,  and  aqua  regia.  The  small 
unount  of  mercury  fulminate  present  in  the  water  extract  may  be  determined 
hy  precipitation  with  H;S  or  by  adding  10-15  cc.  of  thiosulphate  solution  and  a 
few  drops  of  methyl  orange  and  titrating  with  N/10  HCI  or  HiSO<  (see  page 
513  of  Vol.  1).  Other  materials  in  the  water  and  acid  solutions  are  determined 
by  the  usual  analytical  methods. 


Nitrocellulose 

General.  The  term  nitrocellulose,  or  more  correctly  cellulose  nitrate, 
tpplies  to  any  nitration  product  of  cellulose,  ranging  from  products  containing 
in  the  neighborhood  of  10-11%  N,  which  are  used  in  the  preparation  of  lacquers 
ud  other  commercial  products,  to  military  guncotton  with  over  13%  N.  All 
of  these  products  are  undoubtedly  mixtures  of  the  various  nitrates  of  cellulose, 
K  indicated  by  the  fact  that  there  is  always  some  material  with  low  nitrogen 
content,  soluble  In  ether-alcohol,  in  high  nitrogen  guncotton,  and  some  insoluble 
miterial  in  the  lower  nitrated  commercial  products.  It  can  usually  be  shown 
without  great  difficulty  that  any  nitrated  cotton  is  a  mixture  of  various  nitrates 
of  cellulose. 

The  products  of  military  importance  are  the  insoluble  guncotton  of  high 
S-content,  and  the  so-called  "pyro"  or  pyrocellulose,  soluble  in  ether-alcohol 
»nd  of  about  12.60%  N-content.  In  testing  these  products,  the  characteristics 
of  most  importance  are  content  of  nitrogen,  solubility  in  ether-alcohol,  and 
stability.  Other  determinations  generally  made  are  solubility  in  acetone  and 
ub. 

Preparation  of  Sample.  If  the  sample  contains  a  lai^  excess  of  water,  it 
k  enclosed  in  a  clean  cloth  and  the  excess  water  removed  by  means  of  a  press 
or  wringer.     The  pressed  sample  is  then  rubbed  up  in  the  cloth  (not  with  the 

bare  hand)  until  lumps  are  removed,  then  spread  on  clean  paper  trays  in  an 

air  bath  at  about  SS'-W  C.  until  "air-dry." 

Samples  for  stability  tests  and  nitrogen  determination  are  treated  as  noted 

bdow,  the  air-dry  sample  being  suitable  for  determining  8olut»lity  and  ash. 
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Nitrogen.  About  1  to  1.05  g.  of  the  air-dry  sample  is  roughly  weighed  in  a 
tared  weighing  bottle,  dried  at  95°-100''  C.  for  l)  hours,  cooled  in  a  desiccator 
and  accurately  weighed.  It  ia  then  transferred  to  the  generating  bulb  of  a 
nitrometer  (Du  Pont  modification;  see  p.  354)  using  a  total  of  20  cc.  of  95-96% 
c.p.  H1SO4.  The  sample  must  be  dissolved  in  the  acid  either  in  the  weighing 
bottle  or  in  the  cup  of  the  generator,  before  it  is  drawn  into  the  generating 
bulb,  and  both  the  weighing  bottle  and  the  cup  of  the  generator  must  be 
thoroughly  washed  out  with  the  20  cc.  of  HiSOt,  so  that  none  of  the  sample  is 
lost.  The  determination  in  the  nitrometer  is  completed  in  the  usual  manner 
(p.  354),  the  result  being  expressed  as  %  N  in  the  dried  sample  of  mtrocelluloee. 

Solubility  in  Ether-Alcohol,  (a)  GuTtcotton:  The  amount  of  ether«]oohol 
soluble  material  in  guncotton  being  usually  not  more  than  10-12%,  the  det«^ 
mination  may  be  made  by  evaporating  a  clear  solution.  Two  grams  of  air- 
dry  sample  is  placed  in  a  clean  dry  cork-stoppered  250  cc.  cylinder,  67  cc.  of 
95%  ethyl  alcohol  added  to  thoroughly  wet  the  guncotton,  then  133  cc.  of 
ethyl  ether  (U.S. P.  grade,  96%),  added  and  the  mixture  well  shaken.  If  the 
mixture  of  2  parts  ether  and  1  part  alcohol  be  added  at  once  to  the  sample, 
a  gummy  mass  may  result  which  dissolves  with  great  difficulty,  especially  if 
the  solubility  is  unusually  high. 

The  cylinder  is  now  allowed  to  stand  at  a  constant  temperature  of  usually 
20°  C.  (15.5°  C.  is  sometimes  specified).  The  solubility  of  nitrocellulose 
increases  as  the  temperature  is  decreased,  hence  a  constant  temperature  of 
digestion  is  important.  During  the  digestion,  which  requires  at  least  1  hour, 
the  cylinder  must  be  thoroughly  shaken  at  5-miiiuto  intervals.  The  cylinder 
is  now  allowed  to  stand  for  at  least  4  hours,  until  the  insoluble  portion  of  the 
sample  has  completely  settled  and  the  supernatant  liquid  is  perfectly  clear. 

50  cc.  of  the  clear  solution  is  now  drawn  oft  with  a  pipette,  care  being  taken 
not  to  disturb  the  settled  pulp,  and  evaporated  in  a  weighed  evaporating  dish 
on  a  steam  bath,  avoiding  loss  from  violent  boiling  of  f  he  ether.  When  25-30% 
of  the  solution  has  been  evaporated,  10  cc.  of  distilled  water  is  added  slowly 
and  the  evaporation  continued  to  dryness.  The  effect  of  the  water  is  to  leave 
the  residue  in  a  white,  brittle  or  powdery  condition,  rather  than  a  tough  film 
which  would  lose  its  solvent  with  difficulty. 

The  dish  is  finally  placed  in  an  oven  at  95-100°  C.  for  J  hour,  cooled  in  a 
desiccator,  and  weighed.  The  weight  of  the  residue,  corrected  for  the  readue 
in  the  50  cc.  of  ether-alcohol  and  10  cc.  H]0  used,  represents  the  soluUe  uJtro- 
Gellulo.te  in  0.5  g.  of  the  guncotton. 

(6)  Pj/rocelhdose:  The  solubility  of  pyrocellulose  may  be  determined  in  the 
manner  described  for  guncotton,  but  owing  to  the  much  larger  amount  of 
soluble  material  present,  the  evaporation  of  the  residue  to  constant  weight 
without  decomposition  involves  considerable  difficulty.  Sufficient  water  must 
be  added  to  precipitate  the  soluble  nitrocellulose  from  solution  in  a  stringy  or 
fibrous  condition. 

The  determination  is  usually  conducted  by  either  the  volumetric  method  or 
the  filtration  method. 

In  the  volumetric  method,  one  gram  of  the  air-dry  sample  is  covered  with 
100  cc.  of  95%  ethyl  alcohol  and  allowed  to  stand  at  least  15  minutes  with 
frequent  stirring,  200  cc.  of  ethyl  ether  is  then  added  with  stirring  and  the 
agitation  continued  until  solution  is  complete.  The  solution  is  now  allowed 
to  stand  at  least  4  hours  with  frequent  stirring,  during  at  least  1  hour  of  which 
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time  it  ia  to  be  kept  at  a  tempeFature  of  15.5"  C.  It  is  then'  transferred  to  a 
^solubility  tube"  and  allowed  to  Btand  for  at  least. 16  hours,  in  order  tbat  tjbe 
insoluble  material  may  settle  completely.  The  solubility  tubes  are  glass  tubes 
about  30.6  inches  long  X  1.3  inches  inside  diameter,  tapering  at  a  point  6  in  ekes 
from  the  bottom  to  a  constricted  portion  about  3  inches  long  and  about  .375 
inch  inside  diameter.  This  narrow  bottom  portion  is  graduated  to  read 
directly  the  percentage  of  insoluble  material,  the  value  of  the  grtiduations 
having  been  first  ascertained  by  comparison  with  results  obtained  by  the 
filtration  method  described  below.  The  tubes  are  made  of  heavy  glass  and 
prdvided  with  vented  ground  glass  stoppers.  They  hold  300  cc.  when  filled 
to  about  8  inches  below  the  top.  - 

In  the  filtration  method,  the  solution  is  prepared  and  settled  in  a  solubility 
tube  as  described  above,  and  the  clear  liquid  removed  as  completely  as  possible 
by  means  of  a  narrow  siphon  tube  of  glass.  Fresh  alcohol  and  ether  are  then 
added  as  before,  the  tube  shaken  and  allowed  to  stand  again  for  16  hours, 
when  the  process  may  be  repeated  several  times,  depending  on  the  amount  of 
insoluble  material  present.  After  the  last  decantation,  the  residue  is  washed 
from  the  tube  to  a  beaker,  using  as  small  a  quantity  of  ether-alcohol  as  possible, 
and  the  mixture  filtered  through  a'filteritig  tube  consisting  of  a  1"X6"  test 
tube  with  its  lower  end  drawn  out  to  a  taper  terminating  in  a  hole  about  J" 
diameter.  In  the  lower  end  of  this  tube  is  a  small  plug  of  previously  ignited 
asbestos.  The  filtration  is  facilitated  if  the  greater  part  of  the  asbestos  ia 
mixed  with  the  insoluble  matter  and  solvent  in  the  beaker,  the  mixture  well 
Btirred  and  quickly  poured  into  the  filtering  tube  on  top  of  a  small  plug  of 
asbestos.  In  this  manner,  the  insoluble  matter  becomes  mixed  with  the 
asbestos  and  the  formation  of  a  gelatinous,  impenetrable  mot  in  the  tube  is 
avoided.  After  filtering,  the  tube  is  washed  with  fresh  ethcr-alcohol,  dried  at 
W— 45°  C.  and  finally  for  1  hour  at  100°  C,  then  cooled  in  a  desiccator  and 
weighed.  All  combustible  matter  is  then  removed  by  careful  ignition,  and  the 
tube  again  weighed,  the  loss  of  weight  being  the  total  insoluble  material  in  the 
l^ram  sample. 

SolubUi^  in  Acetone.  A  1-gram  sample  of  air-dry  pyrocellulose  is  treated 
with  about  200  cc.  of  acetone  with  frequent  stirring  until  all  gelatinous  matter 
has  dissolved.  The  solution  is  transferred  to  a  solubility  tube  (described  above), 
the  volume  made  up  to  about  300  cc.  \bith  fresh  acetone,  well  shaken,  and 
allowed  to  settle  for  at  least  10  hours.  The  graduations  on  the  tube  having 
been  checked  by  gravimetric  determinations,  th6  percentage  of  residue  insoluble 
in  acetone  may  be'  read  direct,  or  the  filtration  method  described  above  may 
be  applied. 

Adx.  One  gram  of  air-dry  sample  is  weighed  in  a  tared  crucible,  moistened 
with  10-15  drops  of  concentrated  nitric  acid,  and  digested  for  2-3  hours  on  a 
steam  bath  until  converted  to  a  gummy  mass.  The  crucible  is  then  heated 
carefully  over  a  Bunsen  burner  until  the  mass  is  completely  charred,  then  at  a 
red  heat  until  its  weight  is  constant.     The  residue  is  the  ash  of  the  sample.  ' 

Stability  Test:  Heat  test  with  Potassium  Iodide  Starch  Paper.  The  "  heab 
test"  or  Kltesb,  as  it  is  commonly  designated,  is  the  test  most  commonly 
employed  for  determining  the  stability  or  degree  of  purification  of  nitro- 
cdlulose,  whether  guncotton  or  pyrocellulose.  This  test,  also  referred  to  as 
Ihe  Abel  test,  depends  on  the  action  of  oxides  of  nitrogen  liberated  by  the 
nitrocellulose  under  the  influence  of  heat,  the  gases  in  contact  with  the  KI- 
■t«rch  paper  liberating  iodine  which  colors  the  starch. 
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The  sample  is  dried  with  great  care  to  avoid  contamiiiatioD,  in  adeui 
paper  tray,  at  35°  to  43°  C,  until  its  moisture  is  reduced  to  the  amount  whidi 
will  give  the  minimum  heat  test,  usually  1.5  to  2%.  The  proper  amoont  of 
moisture  is  determined  as  follows:  During  the  progress  of  the  drying,  the 
sample  on  the  tray  is  "rubbed  up"  from  time  to  time,  using  a  piooe  of  dan 
tissue  paper  spread  over  the  back  of  the  hand.  When  the  sample 
adhere  to  the  paper,  due  to  static  electricity,  a  sample  of  1.3  g.  ii 
into  a  standard  test  tube.  These  tubes  are  5\  inches  long,  not  less  than  }  : 
inside  diameter  snd  not  more  than  |"  outside  diameter,  made  of  ^aaa  abont 
3/64  inch  (1.2  mm.)  thick.  As  soon  as  the  first  sample  is  weighed,  the  tjayii 
replaced  in  the  drying  oven  for  2-5  minutes,  a  second  sample  weighed,  and  tUi 
process  repeated  until  a  series  of  5  samples  have  been  taken,  the  last  sample 
being  completely  dry.  This  series  of  samples,  if  properly  taken,  wilt  oov^tbe 
range  of  moisture  content  giving  the  minimum  heat  test.  If  the  sample  in  the 
tray  appears  to  have  become  too  dry  during  the  time  the  weighings  are  being 
made,  it  may  be  placed  in  a  moist  atmosphere  for  not  more  than  2  hours;  the 
entire  time  of  drying  and  making  the  test  must  not  exceed  8  hours. 

The  tubes  containing  the  samples  are  fitted  with  clean,  fresh  cork  stoppen 
through  which  pass  a  piece  of  glass  rod  into  the  end  of  which  is  fused  a  small 
piece  of  platinum  wire  bent  into  a  hook.  The  wire  is  heated  in  a  flame  to  dean 
it,  a  piece  of  the  standard  KI  starch  test  paper,  l"Xi",  attached,  ta)ringcare 
that  neither  wire  nor  paper  are  touched  with  the  fingers,  and  the  paper  dkhs- 
tened  on  its  upper  portion  by  touching  it  with  a  glass  rod  dipped  in  a  solution 
of  equal  volumes  of  pure  glycerin  and  water.  The  stoppers  are  then  inserted 
in  the  tubes  and  the  tubes  placed  in  a  constant  temperature  water  bath,  so 
that  they  are  immersed  to  a  depth  of  2.25  inches.  The  time  of  placing  in  the 
bath  and  the  time  of  the  appearance  of  the  first  faint  yellowish  diadoloratJon 
of  the  test  paper  are  noted.  The  minimum  test  given  by  the  5  samples  is 
taken  as  the  result  of  the  test.  The  discoloration  appears  at  the  lower  edge 
of  the  moist  portion  of  the  paper.  The  temperature  of  the  heat  test  bath  is 
65.5''  C.  (150"  F.)  for  pyroeellulose,  and  usually  76.5°  C.  (170°  F.)  for  gun- 
cotton.  Pyro  is  usually  required  to  stand  a  test  of  35  minutes,  and  guncotton 
10  minutes. 

A  standard  test  paper  is  absolutely  essential,  and  is  prepared  as  follows:' 

The  paper  used  in  preparing  the  test  paper  is  Schleicher  and  SchOU's  filter 
paper  597.  This  is  cut  in  strips  about  6  by  24  inches,  and  after  being  washed 
by  immersing  each  strip  is  distilled  water  for  a  short  time  is  hung  up  to  dry 
overnight.  The  cords  on  which  the  paper  is  hung  are  clean  and  the  room  is 
free  from  fumes.  The  washed  and  dried  paper  is  dipped  in  a  solution  prepared 
as  follows : 

The  best  quality  of  potassium  iodide  obtainable  is  recrystallized  three 
times  from  hot  absolute  alcohol,  dried,  and  1  gram  dissolved  in  8  ounces  of 
distilled  water.  Cornstarch  is  well  washed  by  decantation  with  distilled  water, 
dried  at  a  low  temperature,  3  grams  rubbed  into  a  paste  with  a  little  cold  water, 
and  poured  into  8  ounces  of  boiling  water  in  a  flask.  After  being  boiled 
gently  for  10  minutes,  the  starch  solution  is  cooled  and  mixed  with  the  potas- 
sium iodide  solution  in  a  glass  trough. 

;  J.  Ind.  A  Eng.  Oiem., 
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Each  strip  of  filter  paper  is  immersed  in  the  above-mentioned  mixture  for 
Kboot  10  seconds  and  is  then  hung  over  a  clean  cord  to  dry.  The  dipping  is 
done  in  a  dim  light  and  the  paper  left  overnight  to  dry  in  a  perfectly  dark 
room.  Every  precaution  is  taken  to  insure  freedom  from  contamination  in 
preparing  the  materials  and  from  laboratory  fumes  that  might  cause  decom- 
poaitiDD.  When  dry  the  paper  is  cut  into  pieces  about  |  by  1  inch  and  is  pre- 
served in  the  dark  in  tight  glass-stoppered  bottles,  the  edges  of  the  large  strips 
being  first  trimmed  off  about  one  fourth  inch  to  remove  portions  that  are  some- 
times slightly  discolored.  When  properly  prepared  the  finished  paper  is 
perfectly  white,  any  discoloration  indicating  decomposition  due  to  contamina- 
tion. 

Stabilitj  Test  at  135°  C.  In  addition  to  the  KI  starch  test,  pyrocellulose 
is  usually  required  to  stand  a  test  at  135°  C,  made  as  follows: 

The  sample  is  completely  dried  tit  42°  C.,  and  2.5  grams  placed  in  each 
of  2  heavy  glass  tubes,  290  mm.  long,  18  mm.  outside  diameter  and  15  mm. 
inaide  diameter,  closed  with  a  cork  stopper  through  which  passes  a  hole  4  mm. 
in  diameter.  A  strip  of  litmus  paper  or  standard  normal  methyl  violet  paper, 
70  mm.  long  and  20  mm.  wide  is  placed  in  each  tube,  its  lower  edge  25  mm. 
above  the  sample,  which  is  pressed  down  to  occupy  a  depth  of  2  inches,  the 
valla  of  the  tube  being  wiped  clean  with  a  roll  of  paper.  The  tubes  are  then 
heated  in  a  constant  temperature  bath  at  134°  to  135°  C,  all  but  about  6-7 
mm.  of  the  tube  being  immersed  in  the  bath.  They  are  partially  withdrawn 
for  examination  of  the  test  papers  every  5  minutes  after  the  first  20  minutes  of 
heating,  and  replaced  at  once.  The  time  required  for  reddening  of  the  litmus 
paper  or  for  turning  the  methyl  violet  paper  to  a  salmon  pink  color  is  noted 
u  the  time  of  the  test.  A  minimum  test  of  30  minutes  is  required  with  the 
methyl  violet  paper,  and  heating  is  then  continued  for  a  total  of  5  hours,  during 
which  time  there  should  be  no  explosion. 

The  standard  normal  methyl  violet  paper  is  prepared  as  follows: 
Preparation  of  Methyl  Violet  Test  T^per.  A  solution  is  prepared  contain- 
ing the  following  ingredients:  pure  rosanijine  acetate  prepared  from  0.2500  g. 
Wc  rosaniline,  .1680  g.  methyl  violet  (crystal  violet),  4  cc.  c.p.  glycerin, 
30 cc.  water,  and  sufficient  pure  95%  ethyl  alcohol  to  make  up  to  lOO  cc.  This 
xdution  is  placed  in  the  angle  of  an  inclined  deep  rectangular  glass  tray,  and 
luge  sheets  of  Schleicher  &  Schull  filter  paper  (No.  597)  cut  in  four  strips  are 
dipped  in  it.  In  dipping,  the  strip  is  held  by  one  end  and  dipped  to  within  \". 
of  this  end,  withdrawing  it  slowly  up  the  side  of  the  tray  so  as  to  remove  surplus 
(olution.  The  strip  is  then  held  horizontally  and  waved  to  and  fro  so  as  to 
prevent  the  solution  from  running  and  collecting  in  spots.  As  soon  as  the 
alcohol  has  evaporated  the  strip  is  suspended  vertically  to  dry,  and  when  dry 
>>  cut  in  strips  20X70  mm.  These  strips  are  bottled  and  kept  for  use  in  the 
135°  teat. 
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SMOKELESS   POWDER 
Nitrocellulose  Powders 

At  the  present  time  the  Bmokeless  powder  used  by  all  nationa  is  compoaed 
of  either  colloided  oitroeelluloae  alone  or  a  mixture  of  coUoided  nitrocelluloae 
and  nitroglycerin.  All  cannon  powder  used  in  this  country  ia  of  the  nitm- 
cellulose  type,  small-arm^  powders  being  of  both  types.  The  form  and  an 
of  the  grains  are  of  great  variety,  depending  on  the  arm  id  which  the  pro- 
pellant  is  to  be  employed. 

Physical  tests  made  in  connection  with  the  examination  of  smokden 
powder  include  the  compression  test,  determinations  of  average  meaeuremeots 
of  the  grains,  specific  gravity,  gravimetric  density,  number  of  grains  per 
pound,  and  calculation  of  burning  surface  per  pound. 

Chemical  tests  include  deternai nations  of  moisture  and  volatile  solvent, 
diphenylamine  used  as  stabilizer,  ash,  material  insoluble  in  ether-alcohol  and 
in  acetone,  and  sometimes  nitrogen  content. 

Stability  tests  include  the  135°  C.  test,  the  115°  C.  test,  and  the  "Sua- 
veil  lance  test." 

Moisture  and  Volatiles.  A  sample  of  the  powder  weighing  approximately 
1  gram,  in  the  form  of  thin  shavings  cut  from  at  lea-tt  10  grains,  or  of  whtde 
grains  if  the  powder  is  too  small  to  cut  conveniently,. is  placed  in  a  clean,  dried 
and  Weighed  250  cc.  beaker,  50  cc.  of  redistilled  95%  {by  volume)  alcohol,  and 
100  cc.  redistilled  ethj'l  ether  added  and  the  beaker  allowed  to  stand  under  a 
eover-jar  with  occasional  stirring,  until  the  powder  is  completely  dissolved. 
This  usually  requires  from  1  to  2  days.  When  all  gelatinous  particles  of  the 
powder  have  dissolved,  the  beaker  is  heated  on  the  steam  bath  to  evaporate  a 
part  of  the  ether,  before  precipitation  of  the  nitrocellulose  with  water. 
The  amount  of  ether  to  be  evaporated  is  important,  since  it  largely  determines 
the  character  of  the  nitrocellulose  preeipitatc.  The  presence  of  too  much  ether 
causes  a  fine  sandy  preci|iitate;  too  little  causes  a  gummy,  gelatinous  precipi- 
tate. A  fine,  flaky,  or  fibrous  precipitate  is  desirable.  The  proper  amount  of 
evaporation  can  be  best  determined  by  practice;  usually  the  solution  may  be 
evaporated  to  about  f  its  original  volume  before  precipitating.  When  the 
proper  volume  is  obtained,  50  cc.  of  water  is  added  from  a  graduate,  with  con- 
tinual stirring,  in  5  cc.  portions.  K  'a  thick  gummy  precipitate  forms,  add  a 
little  ether  until  it  becomes  flaky;  then  add  the  remainder  of  the  50  cc.  of 
water.  The  heating  is  continued  with  stirring,  until  mMt  of  the  ether  has 
evaporated,  and  the  beaker  ia  then  left  on  the  bath  until  the  precipitate  is  just 
dry.  It  is  then  placed  in  the  100°  C.  oven  for  1  hour,  cooled  in  a  desiccatori 
and  weighed  as  rapidly  as  possible.  To  facilitate  weighing  the  weights  should 
be  placed  on  the  balance  pan  before  the  beaker  is  removed  from  the  desiccator, 
so  that  the  exact  weight  can  be  adjusted  quickly.  If  more  than  10  seconds  are 
consumed  in  this  weighing,  the  error  caused  by  absorption  of  moisture  from 
the  air  is  an  appreciable  one.  In  any  event  a  check  weighing  should  be  mode 
after  an  additional  30  minutes  drying  at  100°  C, 

The  final  weight  of  nitrocellulose  precipitate  subtracted  from  the  weight 
of  the  original  sample  represents  the  weight  of  moisture  and  volatile  solvent, 
and  is  calculated  as  per  cent  of  the  original  sample.  If  the  powder  contains 
diphenylamine,  this  result  is  corrected  by  subtracting  from  it  one  fourth  of  the 
total  diphenylamine  content,  it  having  been  ascertained  by  actual  trial  thab 
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approximately  this  proportion  of  the  diphenylamlne  is  volatilized  during  the 
evaporation. 

MoiGture.  An  approximation  to  the  actual  moisture  content  of  the 
powder  can  be  obtained  by  drying  a  sample  of  not  less  than  5  whole  grains  and 
not  less  than  20  grams  for  6  hours  at  100°  C.,  cooling  in  a  desiccator  and 
weighing,  the  loss  of  weight  being  regarded  as  equal  to  the  hygroscopic  moisture 
in  the  powder. 

Diphenylamine.  The  content  of  diphenylamine  used  as  a  stabilizer  in 
smokeless  powder  is  most  conveniently  and  rapidly  determined  by  the  "nitra- 
tion method"  as  follows:  ' 

5  grams  of  the  powder  in  small  grains  or  slices  is  treated  with  30  cc.  of 
concentrated  HNOj  in  a  250  cc.  beaker,  covered  with  a  watch  glass  and  heated 
on  the  steam  bath  until  the  powder  has  been  completely  decomposed.  The 
solution  is  then  cooled  and  added  to  100  cc.  of  cold  distilled  HiO  in  a  second 
beaker,  stirring  vigorously,  the  first  beaker  being  washed  out  completely  into 
the  second,  using  additional  water.  This  mixture  is  now  heated  on  the  steam 
bath  until  the  flocculent  precipitate  has  settled  and  the  liquid  has  a  clear  yellow 
color.  It  is  then  cooled,  filtered  through  a  weighed  Gooch  crucible,  the  pre- 
cipitate dried  at  100°  C.  and  weighed.  The  weighed  precipitate  is  now  dis- 
solved by  extracting  with  acetone,  the  crucible  dried  and  weighed  again,  the 
loss  of  weight  being  the  n i trod ip hen yl amine  produced  by  action  of  the  HNOj 
on  the  diphenylamine.  This  nitrodiphenyiamine  is  a  mixture  of  nitroproducts, 
and  the  empirical  factor  0.40576  has  been  determined  for  converting  it  to  its 
equivalent  in  diphenylamine. 

Ash.  The  ash  is  determined  in  the  manner  described  for  nitrocellulose 
(p.  1401),  the  sample  being  in  the  form  of  slices  or  small  grains,  and  the  digestion 
with  HNO]  continued  until  deoomposition  is  practically  complete,  before 
heating  over  a  flame. 

Solobtlity  in  Ether-alcohol.  One  gram  of  the  sample  in  slices  or  small 
grains  is  dissolved  in  150  cc.  of  ether-alcohol  (2  :  1)  in  the  same  manner  as  for 
the  determination  of  moisture  and  volatiles,  and  transferred  to  a  standard 
solubility  tube  (p.  1401),  washing  it  in  completely  with  fresh  ether-alcohol  so  as 
to  bring  the  total  volume  to  300  cc.  The  insoluble  material  is  determined  as 
in  pyrocellulose  (p.  1401). 

Solubility  in  Acetone.  This  determination  is  made  in  the  same  manner  as 
the  solubility  in  ether-alcohol,  described  above. 

Stability  Test  at  135°  C.  This  teat  is  made  on  duplicate  samples  in  the 
same  manner  as  described  for  pyrocellulose  {p.  1403).  The  samples  weigh  2.5 
grams  and  are  in  as  nearly  whole  grains  as  is  consistent  with  this  weight  of 
sample,  large  grains  being  turned  down  on  a  lathe  to  fit  the  standard  tubes. 
The  samples  are  required  to  stand  heating  at  I34°-135°  C,  for  5  hours  without 
enplosion  and  must  not  turn  the  normal  methyl  violet  paper  to  solnaon  pink 
color  in  less  than  one  hour. 

Stability  Test  at  115°  C.  This  test  is  also  known  as  the  Ordp^oe  Xleparb-. 
meat  115°  test,  or  the  Sy  test.  Five  samples  each  consisting  of  not  more  than 
10  grams  and  not  less  than  2  whole  grains  of  the  powder  are  weighed  on  watch 
glasses  and  heated  at  a  temperature  of  115°  ±  0.5°  C.  for  8  hours  daily  for 
6  days,  the  oven  being  brought  each  day  to  the  proper  temperature  before  the 
■amples  are  inserted,  the  samples  being  allowed  to  stand  at  room  conditions 
oveniight.     At  the  end  of  the  sixth  day's  besting,  the  samples  are  cooled  in  a 
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deBiccator  and  weighed.  The  total  loss  of  weight  is  regarded  as  an  index  of 
the  Btability,  and  must  not  exceed  a  specified  limit  for  each  particular  sixe  of 
grain. 

"  SurveiUaiice  Test "  at  65.5°  C.  Three  samples  of  approximatelr  45 
grams  of  powder  in  whole  grains,  or,  in  the  case  of  very  large  grains,  5  whde 
grains,  are  placed  in  &-ounce  wide-mouth  glass  stoppered  bottles,  the  stoppers 
having  been  previously  ground  so  as  to  fit  tightly.  These  bottles  are  then 
heated  in  a  constant  temperature  magazine  at  65.5°  ±  2°  C.  They  aie 
observed  several  times  daily  and  the  time  noted  when  visible  fumes  of  oxides  of 
nitrogen  appear  in  any  bottle.  The  number  of  days  which  powder  is  required 
to  stand  this  test  depends  on  the  web  thickness  of  the  grain,  and  varies  from 
70  to  140  days.  The  test  is  therefore  not  a  laboratory  test,  but  one  wiiieti 
more  nearly  approaches  service  conditions.  It  is  of  great  value  as  an  iodioation 
of  the  possible  "stability  life"  of  the  powder  in  service. 

Nitrogen.  The  determination  of  nitrogen  in  smokeless  powder  is  not 
usually  necessary,  in  as  much  as  the  powder  is  usually  made  from  nitrocelluloM 
of  known  nitrogen  content,  but  when  desired  the  determination  is  mode  as 
follows: 

An  average  sample  of  about  5  grams  of  the  powder  in  slices  or  small  graini 
is  dissolved  in  acetone  (100  cc,  to  each  1  g,  of  sample).  When  the  sample  is 
dissolved,  the  solution  is  added  drop  by  drop,  preferably  from  a  burette,  to 
200  cc.  of  hot  water  in  a  beaker,  the  beaker  being  immersed  in  boiling  water 
so  as  to  maintain  its  contents  at  about  90°  C.  During  this  addition  the  hot 
water  is  continually  stirred  with  a  glass  rod,  so  that  the  precipitated  nitro- 
cellulose forms  stringy  masses  which  wrap  about  the  rod.  Small  Bccumulations 
of  the  precipitate  are  transferred  frequently  from  the  rod  to  another  beaker  ot 
hot  water  to  prevent  the  formation  of  a  ooUoided  mass.  When  2  g.  or  more 
of  the  precipitate  has  been  collected  and  the  acetone  has  been  volatilixed  by 
the  hot  water,  it  is  removed  from  the  beaker  and  dried  at  35''-40''  C.  About 
I  g.  of  this  dry  precipitate  is  placed  in  a  tared  weighing  bottle,  dried  1  hour  at 
100°  C,  weighed,  and  transferred  to  the  cup  of  the  nitrometer  with  sulphuric 
acid.  Part  of  the  acid  should  be  added  to  the  precipitate  in  the  weighing  bottle 
before  transferring  to  the  nitrometer  in  order  to  avoid  loss  of  the  dry  precipitate 
in  handling.  The  determination  of  N  is  then  completed  as  in  the  case  of 
nitrocellulose  (page  1400).  If  the  powder  contains  di  phenyl  amine,  a  correction 
is  necessary  for  the  amount  of  diphenylamine  retained  by  the  precipitated 
nitrocellulose.  This  has  been  found  to  be  an  added  correction  of  0.15%  N  in 
the  case  of  powders  containing  the  usual  amount  of  0.4%  diphenylamine. 
This  correction  compensates  for  the  nitrogen  which  becomes  combined  with 
the  diphenylamine,  converting  it  to  nitrodipheny  la  mines. 

Instead  of  correcting  for  the  effect  of  the  diphenylamine,  the  latter  may 
be  removed  from  the  precipitated  nitrocellulose,  after  air-drying  and  befoie 
final  drying  at  100°  C,  by  extraction  with  pure  anhydrous  ether.  Results 
are  quite  accurate  if  the  determination  is  conducted  with  proper  precaution. 
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Nitroglycerin  Smokeless  Powders 

Powders  of  this  type  are  composed  mainly  of  nitrocellulose  and  nitro- 
glycerin and  may  contain  other  organic  or  inorganic  substances,  such  as  vase- 
line, nitro-Bubstitutioa  compounds,  substituted  ureas  or  other  flame-reducing 
or  surface-hardening  agents,  di  phenyl  amine,  metallic  nitrates,  carbonates,  etc. 
The  nitrocelluloBC  may  be  either  high-nitration  guncotton  insoluble  in  ether- 
alcohol,  as  in  British  cordite,  or  a  low-nitratioti  product  soluble  in  nitroglycerin, 
OS  in  ballistite,  or  may  be  a  mixture  of  the  two  varieties. 

The  method  of  analysis  usually  employed  consists  of  (I)  an  extraction  of 
the  nitroglycerin,  nitrosubstitution  compounds,  vaseline,  and  other  ether- 
scduble  materials  by  means  of  anhydrous  ether;  (2)  an  extraction  of  the 
water-soluble  materials;  (3)  determination  of  soluble  and  insoluble  nitro- 
celluloses  by  separation  with  ether-alcohol  (2  :  1), 

The  extraction  with  ether  is  usually  mode  in  a  Soxhlet  apparatus,  using 
about  20  grams  of  the  powder  in  slices  or  small  grains,  in  a  paper  extraction 
thimble.  About  4  hours  is  usually  required  for  complete  extraction.  The 
ether  extract  is  evaporated  to  dryness  in  a  tared  glass  dish  under  a  bell-jar 
evaporator  (page  1376),  and  the  ether-soluble  residue  weighed.  To  determine 
whether  it  contains  other  substances  than  nitroglycerin,  it  may  be  poured  in 
small  portions  at  a  time  into  about  20  cc.  of  strong  nitric  acid  (40°  Be)  heated 
on  a  steam  bath.  The  oxidizing  action  of  the  nitric  acid  destroys  the  nitro- 
glycerin, and  the  mixture  is  then  poured  into  50-100  cc.  of  water.  Any  vaseline 
or  similar  substances  separate,  together  with  any  nitrosubstitution  compounds' 
in  their  original  condition  or  more  completely  nitrated,  diphenylamine  in  the 
form  of  a  nitro  derivative,  etc. 

These  materials  may  be  separated  with  more  or  less  completeness  by  frac- 
tional crystallization  from  ether  or  other  solvent.  The  exact  method  to  be 
followed  depends  on  the  nature  of  the  materials  present. 

The  reaidue  insoluble  in  ether  is  dried  and  weighed,  and  then  transferred 
to  an  Erlenmeyer  flask  and  digested  in  warm  water  until  any  water-soluble 
materials  present  have  been  dissolved.  The  mixture  is  filtered,  the  residue 
washed  with  hot  water,  dried  and  weighed.  The  filtrate  containing  the  water- 
soluble  ingredients  is  examined  by  the  usual  analytical  methods  for  inorganic 
ingredients. 

The  nitrocellulose  insoluble  in  water  is  tested  for  nitrogen  content,  solubility 
in  ethei^alcohol  and  solubility  in  acetone,  by  the  methods  already  described. 
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Ttfic&i.  Compooitionb  or  Coumonlt  Used  ExPLoairxa 
Blaek  BUuHitg  Potndtr 

Sodium  nitrate 73 

Charcoal 16 

Sulphur 11  (Bu.  of  Mines,  BuU.  No.  80,  p.  19.) 

Black  UilHarp  Powder 

Potosmum  nitrate 75 

Charcoal 15 

Sulphur 10 

Tj/puat  Dynamile  fomuiIoa—40%  gradea  (Bu.  Mines,  BuU.  No.  80,  p.  2t). 


Nitro- 

Nit«- 

NitMt 

Ni?X 

Nilra- 
«llu- 

Wood 
Pulp 

k 

40%  Btraight  Nitroglycerin  Dynamite 

40 
22 
33 

30 

17 

44 
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S2 

44 

45 

...... 

IS 
15 
13 

IS 

13 

I 

20 

I 

"40%-Btrength"  Low-freenng  Dyna- 

10 

4 

20 

■  I 

Ammonia  Dynamite 

1 

Gramilaled  Nitroglyeerin  Ptmder  {"Jvdaon  Powkr' , 

Nitro^ycerin , S 

Combustible  materialf 35 

Sodium  nitrate 60 


CoAi  MiMiiTO  Powders. 

(PiRMiasiBiA  Ttpb) 

. 

" 

HI 

IV 

V 

VI 

25 

IS 
5 

10 
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tntT        

5 
90 

« 

34 

35 

Sodium  chloride 

9 

15 
25 

12 
17 

10 

5 

3 
3 

1 

1 

1 

1 
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WATER  ANALYSIS 

D.  K.  Fmncb' 

Probd^ly  at  no  other  time  has  the  importance  of  a  water  supply,  either  for 
domestic  or  industrial  purposes,  been  so  great,  aa  in  these  early  years  of  the  twen- 
tieth century.  The  increasing  realization  of  the  effect  of  contaminating  materials, 
both  organic  and  inoi^anic,  on  a  municipal  or  private  drinking  supply— and 
tustoiy's  record  of  the  devastating  nature  of  epidemics  due  to  water-borne  disease 
organiamB,  have  led  to  the  careful  investigation  of  water  for  its  sanitary  value 
^nd  the  development  of  materials  and  equipment  to  fight  and  eliminate  such 
contamination,  and  have  increased  many  hundreds  of  per  cent  the  factor  of  safety 
to  the  public  health.  In  like  manner,  and  even  to  a  greater  extent,  has  the  value 
of  water  for  industrial  uses  been  a  matter  for  careful  consideration.  It  ta 
honl  for  the  public  to  realize  the  inunense  quantities  of  water  used  for  industrial 
pixrposes,  not  only  for  the  development  of  steam  and  electric  power,  but  also  for 
purposes  of  manufacture. 

From  the  standpoint  of  power  development  we  are  familiar  with  the  heat 
ksses  ^nd  the  increased  operating  expenses  due  to  scale  formation  in  the  steam 
or  locomotive  boiler,  and  also  to  the  continued  rapid  decrease  in  valuation  of 
boiler  property,  or  of  power  plant  property,  due  to  corrosion  or  rusting.  Another 
element  of  trouble  which  is  noticed  not  so  much  in  stationary  boiler  practice  as 
in  locomotive  boiler  practice,  is  the  element  of  foaming  and  priming  of  a  water, 
which  results  in  much  mote  rapidly  puttii^  the  steam  raiser  out  of  active  service 
than  rather  of  the  other  types  of  trouble. 

From  the  standpoint  of  plant  deterioration  due  to  rusting  and  corroeion  one 
has  only  to  look  to  the  great  mass  of  works  on  the  corrosion  of  iron  and  steel  which 
are'  largely  results  of  the  growing  need  for  some  information  as  to  the  cause  and 
possible  prevention  of  this  particular  phase  of  trouble. 

In  the  world  of  industry  the  action  of  a  hard  water  upon  soap  consumption 
has  been  known  for  centuries,  and  for  a  considerable  period  of  time  the  value  of 
a  water  was  determined  largely  by  the  amount  of  soap  that  it  would  consume 
and  render  insoluble.  This  some  hardness  has  a  noticeable  effect  in  the  textile 
industry,  in  bleaching  and  dyeing,  in  the  canning  industry,  especially  when  the 
water  supply  contains  such  substances  in  large  quantities.  In  the  photo- 
graphic industry  the  presence  of  chlorides  in  water  and  certain  alkalies  is  a  source 
of  considerable  trouble,  and  in  every  case,  before  any  intelligent  effort  can  be  made 
to  overcome  these  troubles,  a  complete  analysis  of  the  water  is  necessary. 

It  shall  be  our  purpose  in  the  methods  which  follow  to  give,  where  it  is  possible, 
first  a  system  of  analysis  whereby  a  complete  analysis  can  be  made,  and  to  follow 
this  up  with  optional  methods  which,  individually,  are  equally  as  good  as  those 
occurring  in  the  system  of  analysis,  and  in  some  cases  more  satisfactory  where 
the  laboratory  has  the  required  equipment,  adding  any  special  methods  which 
may  be  found  available. 

'  Director  of  Laboratory,  Dearborn  Chctnival  Co. 
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SANITARY  ANALYSIS 

A  sanitary  analysia  consists  in  the  physical  examination  coToring  turinditr, 
color,  odor  and  occasionally  taste,  the  chemica!  analysis  for  total  residue.  Ion 
on  ignition  and  fixed  soUds,  noting,  where  possible,  the  odor  during  ignitioa 
and  also  noting  the  appearance  aa  regards  color  of  the  residue  both  before  ud 
after  ignition,  the  determination  of  free  and  albuminoid  ammonia,  nitrogen 
as  nitrite  and  nitrate,  chlorine  as  chloride  and  oxygen  consumed.  Organie  nibo- 
gen  is  frequently  determined  upon  polluted  waters. 

In  sanitary  analysis  the  principal  determinations  relate  to  the  various  fonni 
and  compounds  in  which  nitrogen  appears. 

Organic  Nitrogen.  The  initial  form  can  be  determined  as  such,  or  ai  it 
usually  the  case  in  all  but  highly  polluted  supplies,  as  albuminoid  ammonia  which 
gives  a  very  close  approximate.  By  decomposition  the  oi^nic  matter  first  pves 
nitrogen  as  free  ammonia,  then,  by  oxidation,  nitrogen  as  nitrites,  and  finally  the 
more  stable  form  of  nitrogen  as  nitrates  is  reached.  Conveiaely  t'le  reactions  an 
frequently  reversed  through  the  influence  of  bacteria  and  microscopic  organisnt. 

Chlorine  is  determined  and  by  its  excess  over  the  normal  chlorine  of  a  geoenl 
district  may  indicate  previous  sewage  contamination. 

Oxygen  Consumed,  or  "  oxygen  required,"  means  the  amount  which  caiho- 
naceouB  organic  compounds  present  consume  in  the  presence  of  potassium  permu- 
ganate  and  acid.    From  these  figures  additional  evidence  is  obtained  as  to  the     ' 
sanitary  character  of  a  water,  though  many  phases  of  interference  can  occur.  | 

PHYSICAL  TESTS  I 

For  the  physical  examination,  standards  for  turbidity  and  color  have  been 
adopted^ 

Turbidity.  Turbidity  standards  are  based  on  parts  per  million  of  silica  (SiOi) 
suspended  in  water,  and  the  adopted  standard  is  that  of  the  United  States  Geo- 
lo^cal  Survey  (A.  P.  H.  A.,  p.  4).  A  water  with  a  turbidity  of  100  is  one 
which  has  100  p. p.m.  of  silica  (SiOi)  in  such  a  state  of  fineness  that  a  bright 
platinum  wire  1  mm.  in  diameter  can  just  be  seen  when  center  of  said  wire  is 
100  mm.  below  the  surface  of  the  water  and  the  observer  is  1.2  meters  above 
the  wire.  The  observation  must  be  in  open  air,  not  in  sunlight,  and  in  the  middle 
of  the  day.  Standards  are  prepared  with  precipitated  fuller's  earth  [to  pasA 
200-meBh  eicve) .  One  gram  to  one  Uter  of  distilled  water  makes  a  stock  aolutioiK 
with  lOOO  turbidity.    Standards  for  comparison  are  obtained  by  dilution. 

The  Illinois  Water  Supply  Association  outlines  another  method  (Proc- 
I.  W-S.  A.,  1914,  pp.  49-51),  whereby  a  suspension  is  prepared  by  shaking  aiUc^ 
(SiOi)  or  fuller's  earth  (ground  to  pass  a  200-meah  sieve),  settling  for  ten  houi*-* 
and  determining  by  evaporating  and  weighing  the  amoimt  of  silica  (SiOi)  in  a  give^^ 
portion.     Standards  are  then  prepared  by  dilution. 

Color.    All  suspended  matter  should  be  removed  by  filtration.    The  si 
designated  as  color  500  is  obtained  as  follows: 
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1.246  grams  potaadum  platinic  chloride  (PtCl^KCl)'  containing  0.5  gram 
of  i^tinum  and  1  gram  crystallised  cobalt  chloride  (C0CI16H1O)  containing  0.25 
gram  cobalt  (Co),  are  dissolved  in  water  with  100  cc.  hydrochloric  acid  and  made 
to  one  liter  with  distilled  water.  This  solution  is  diluted  with  distilled  water  for 
amparative  purposes,  but  a  water  with  a  color  greater  than  70  should  be  diluted 
prior  to  comparison.  The  standards  for  observation  should  be  in  100-cc.  Neasler 
tubes  with  the  marii  20-25  cm.  above  the  bottom  and  should  be  viewed  vertically 
dowDwards  to  a  white  reflective  surface. 

Standard  glass  disks  are  used  by  the  United  States  Geolo^cal  Survey  *  in  place 
of  the  above  standard. 

Odor.  Observations  should  be  made  both  on  cold  and  hot  samples.  Note 
diould  be  made  immediately  on  opening  containers  as  some  odors  are  very  tran^ 
sent  and  rapidly  disappear. 

Cold.  Shake  sample  violently  in  collecting  battle,  same  to  be  about  h^  full. 
Ronove  glass  stopper  and  smell  at  neck  of  bottle. 

Hot.  Use  either  open  beaker,  400  cc,  containing  150  cc.  sample  well  covered 
and  heated  neariy  to  boiling,  or  sealed  glass  stoppered  bottle  or  saponification 
flask,  heating  fifteen  minutes  just  under  boiling.  Allow  to  cool  slightly,  remove 
ttopper,  shake  and  fonell.  Designate  odor  as  aromatic,  grassy,  eartl^,  musty, 
fishy,  putrid,  disagreeable,  peaty,  sweetish,  etc.  The  fallowing  table  expressing 
btendty  of  odor  is  copied  from  the  American  Public  Health  Association  Standard 
Methods,  1913,  p.  12: 


N.»^ 

Tern. 

0 

None. 

Very  Faint. 

An  odai  that  would  not  be  detected  ordinarily  by  the  average 
consumer,  but  that  could  be  detected  in  the  laboratory  by 
an  experienced  obHerver. 

Funt. 

coUed  to  it,  but  that  would  not  attract  attention  otherwiae. 

Distinct. 

An  odor  that  would  be  detected  readily  and  that  might  cause 
the  water  to  be  r^arded  with  distavor. 

Decided. 

An  odor  that  would  force  itself  upon  the  attention  that  might 
make  the  water  unpalatable. 

Very  Strong. 

An  odor  of  such  intensity  that  the  wat«r  would  be  absolutely 
unfit  to  drink.     A  term  to   be   used   only    in  extreme 

Tute.  May  be  mode  on  hot  and  cold  samples.  A  simple  statement  following 
hrgdy  the  terms  applied  to  odor  in  expressing  results,  brackish,  astringent,  salty, 
nrcetttb,  etc. 

'  Care  should  be  taken  that  this  be  the  bright  yellow  platbic  salt,  and  not  con- 
buninated  with  the  reddish  platinous  aatt. 

■  App.  made  by  Builden  Iron  Foundry,  Providence,  R.  I. 
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CHEMICAL  TESTS 

Free  Ammonia 

AppuatuB.     The  apparatus  for  this  detennination  ebould  be  aa  far  a 
^le  free  from  joints  or  coimectioiia  that  are  subject  in  any  way  to  o 


contamination  or  to  decomposition.  The  apparatus  ifi  composed  of  a  distillati 
fask  and  a  condenser,  with  pos^bly  a  safety  tube  located  somewhere  near  tiie  fl> 
to  avoid  the  possible  carrying  over  of  Impurities  in  connection  with  the  stea 
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Reagents.    1.  Ammonia'free  Water, 

2.  Standard  A  mmontum  Chloride  Solution.  Dissolve  3.82  grams  of  ammo- 
luum  chloride  in  1  liter  of  dietilled  water.  Dilute  10  cc.  of  this  to  1  liter  with 
ammonia-free  water.     1  cc.  -O.OOOOI  gram  of  nitrogen. 

^  3.  Neaaler't  Solution.  Dissolve  50  grams  of  potassium  iodide  in  the  smallest 
poesible  quantity  of  cold  water.  Add  a  saturated  solutiou  of  mercuric  chloride 
until  a  faint  show  of  excess  is  indicated.  Add  400  cc.  of  50%  solution  of  potassium 
hydrate.  After  same  has  clarified  by  sedimentation,  mako  up  to  1  liter  with 
valer,  allow  to  settle  and  decant. 

Optional  Hefliod.  Dissolve  61.75  grams  of  potassium  iodide  is  250  cc.  of  reHis- 
tOled  water,  and  add  a  cold  solution  of  mercuric  chloride  which  has  been  saturp'.ed 
by  boiling  with  excess  of  salt.  Pour  in  the  mercury  solution  cautiously,  and  add  an 
UQOunt  just  sufficient  to  make  the  color  a  permanent  bright  red.  Wit^i  a  little 
practice  the  exact  depth  of  color  can  be  easily  duplicated.  It  will  take  a  little  over 
400  cc.  of  the  mercuric  chloride  solution  to  reach  this  end-point.  Dissolve  the  red 
precipitate  by  adding  exactly  .75  gram  of  potassium  iodide.  Then  add  150  grams 
of  potassium  hydrate  dissolved  in  250  cc.  of  water.  Make  up  to  1  liter.  Mix 
thoroughly  and  allow  the  precipitate  formed  to  settle.  Pour  off  the  supernatant 
liquid.  Mercuric  chloride  increases  the  sensitiveness  and  potassium  iodide  decreases  it. 
Operation.    Clean  apparatus  thoroughly  as  follows: 

Fill  a  flask,  which  for  moat  satisfactory  results  should  be  an  800-cc.  Kjeldahl 
flask,  with  500  cc.  of  distilled  water.  Add  a  pinch  of  c.p.  sodium  carbonate  and 
distill  first  of  all  with  no  running  water  in  the  condenser  jacket  until  free  steam 
,hlovFs  through  the  apparatus.  Then  turn  on  condenser  water  and  distil)  off 
approximately  250  cc,  testing  the  last  50  cc.  with  Nessler's  solution,  and  this 
portion  should  not  show  color  in  fifteen  minutes'  time.  The  flask  is  then  emptied 
pf  the  remaining  water,  500  cc.  of  the  water  to  be  analyzed  placed  therein,  and 
if  acid,  neutralized  with  c.p.  sodium  carbonate.  A  slight  excess  hurries  the 
atnmonia  liberation  but  also  tends  to  cause  bumping.  The  distillation  is  then 
started,  distilling  6  cc.  to  10  cc.  per  minute,  and  three  separate  portions  of  50  cc. 
^ach  are  caught  in  Nessler  jars.  After  150  cc.  is  distilled  the  flame  should  be 
'Amoved.  To  each  50-cc.  portion  add  2  cc.  Nessler's  solution  and  after  ten 
''lutes' standing  compare  with  standards  from  the  standard  ammonium  chloride 
Solution. 

Albuminoid  Ammonia 

Reafent  1.  Alkaline  Potamium  Permanganate.  Dissolve  200  grams  of 
l^tassium  hydrate  and  8  grams  c.p.  potasdum  permanganate  in  1250  cc.  of 
^ater,  boil  down  to  1  liter  and  bottle  while  still  warm. 

Operation.  Add  50  cc.  alkaUne  potassium  permanganate  solution  and  several 
l>Kces  of  washed  and  ignited  pumice  to  the  water  remaining  in  the  flask  from  the  free 
^'Kuaonia  detennination  and  continue  the  distillation,  taking  off  four  or  five 
Separate  portions  of  50  cc.  each  in  Nessler  jars.  Add  2  cc.  Nessler's  solution 
^  each  and  after  ten  minutes  standing  compare  color  with  standard  as  in  the  free 
anuoonia  detennination. 

Organic  Nitrogen 

While  this  determination  is  not  usually  made  we  {^ve  it  for  the  sake  of  com- 
pleteness. 

TTie  portion  of  sample  from  the  free  ammonia  determination,  or  a  new  por- 
'**'*»  freed  fnan  free  ammonia  by  distillation,  is  acidified  with  5  cc.  C.P.  sulphuric 
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acid  (nitrogen-free)  and  digested  in  a.  hood  until  colorless  and  H^Oi  funui  in 
given  off.  A  little  ignited  pumice  will  guard  ag^nst  bumping.  Remove  tiora 
flame,  add  potassium  permanganate  in  small  portions  until  a  heav7  peeiush 
precipitate  persists,  cool,  dilute  with  ammonia-free  water,  neutralise  with  10% 
NaiCOi  solution  (NHj  free),  distill  into  Nessler  tubes  and  compare  as  in  fieeaol  ■ 
albuminoid  ammonia. 

Permanenl  standards  '  can  be  made  using  potasaium  platinic  chloride,  2  gnm 
dissolved  in  water,  100  cc.  strong  hydrochloric  acid  and  made  to  1  liter;  ud 
cobalt  solution,  12  grams  cobaltoua  chloride  (CoCli  6H,0)  dissolved  in  distilled 
water,  100  cc.  strong  hydrochloric  acid  added  and  made  to  1  liter.  The  follow- 
ing table  represents  the  amounts  used,  to  be  made  to  50  cc,  with  disUlled  wster 
in  Nessler  tubes  for  comparison,  the  150-cc.  mark  being  20-25  cm.  above  the 
bottom,-but  should  be  checked  against  Nesslerized  standards  and  the  Nessler 
solution  modified,  if  necessary,  until  the  standards  agree.  This  is  accomplished 
by  varying  the  amounts  of  potassium  iodide  and  mercuric  chloride. 


EquivalEDt  Vo]uni« 

olSlsBdarci 

PlitiDum  Solution. 

Cobilt  SoluUon, 

0,0 

1.2 

0.0 

0.1 

1-8 

0,0 

0,2 

2.8 

0,0 

0.4 

4.7 

0-1 

0,7 

5,9 

0.2 

1.0 

7,7 

0,5 

1.4 

9.9 

1,1 

1-7 

11,4 

1,7 

2  0 

12  7 

2.2 

2.5 

15,0 

3  3 

3,0 

17,3 

4.5 

3.5 

19,0 

5,7 

4.0 

19,7 

7,1 

4.5 

IS, 9 

8.7 

5.0 

20,0 

10-4 

6.0 

20,0 

15-0 

7.0 

20,0 

22  0 

Nitrogen  as  Nitrite 

Reagent.  1.  Sulphanitic  Add.  DissolveSgramsof  theacidin  lliterofacetk 
acid,  specific  gravity  I.Ol.     This  is  practically  a  saturated  solution  and  keeps  welL 

2.  f/aphthytamine  Acelate.  Dissolve  5  grams  of  cr-naphthyUmine  in  1  liter 
of  acetic  acid,  specific  gravity  1.04,  and  filter  through  abeorbent  cotton  (previ- 
ously washed). 

Note.  A  slightly  pink  color  reaulting  on  standing  does  not  materially  interfere 
with  the  use  of  this  solution. 

3.  Sodium  Nitrite  Solution.  Dissolve  1.1  grams  of  diver  nitrite  in  nitrite-free 
water.    Precipitate  the  ^ver  with  sodium  or  potassium  chloride  solution  and  dilute 

>  Permanent  Standards  (Jackson,  Tech.  Quart.,  1900,  T(ri.  13,  p.  320.) 
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to  1  liter.  Dilute  100  cc.  of  this  sdution  to  1  liter  and  then  10  cc.  of  this  second 
K>IutioD  to- 1  liter  with  ateriliied  nitrite-free  water,  adding  1  cc.  of  chloroform 
and  holding  in  a  sterilized  bottle.     1  cc.  •^O.OOOl  milligram  of  nitrogen. 

Operation.  Take  100  cc.  of  the  water  after  filtration  and  clarification, 
preferably  with  aluminum  hydrate,  to  remove  possible  suspended  iron  and  ma- 
terial which  might  interfere  with  color  production.  Add  2  cc.  each  of  solutions 
No.  1  and  No.  2.  After  ten  minutes'  standing  compare  with  Bt&ndards  made  up 
from  the  standard  sodium  nitrite  solution  (No.  3). 


Cobalt  Sobttton.  Dissolve  24  grams  of  cobaltous  chloride  (CoCl,'6HiO)  in 
distilled  water,  odd  100  cc.  of  strong  hydrochloric  acid  and  make  up  to  one  liter 
vith  distilled  water. 

Copper  Solution.  Dissolve  12  grams  of  dry  cupric  chloride  (CuCli-2HiO) 
ia  distilled  water,  odd  100  cc.  of  strong  hydrochloric  acid  and  make  up  to  one  hter 
with  distilled  water. 

The  standards  are  used  in  100-cc.  tubes  with  the  mark  12-14  cm.  above  the 
bottom.  The  following  table  ^ves  the  proportions  of  each  solution  to  be  made 
up  to  100  cc: 


oe.  Cobalt  SolntloD. 

^ifc-cc.^JIIK.Sr 

.0 
1.1 

.0 
1.1 

.000 
.001 

3. ft 

3,0 

.003 

6.0 

.005 

12.6 

8.0 

.010 

The  solutions  to  use  for  100  cc.  of  water  are  the  old  ones,  as  follows:  1  cc. 
of  hydrochloric  acid  (1  :  4),  2  cc.  of  sulphanilic  acid  (8  gnuns  per  liter),  and 
finally  2  cc.  of  naphthylamine  hydrochloride  (8  grams  per  liter  with  10  cc.  of 
itrong  hydrochloric  acid),  and  allow  color  to  develop  twenty  minutes. 

Note.  Volume  28,  page  742,  J.  Soc.  Chem.  lud,,  calls  attention  to  the  possibility 
of  a  permaneot  standard  composed  ol  a  solution  of  acid  magenta  (fuchsine-S,  acid 
luebfflne  according  to  Weigert).  According  to  this  article,  0.2  of  a  giant  of  this  dye 
it  dinolved  in  SO  cc.  of  2/N  HCl  and  made  up  to  2000  cc.  with  distilled  water.  Of 
this  solution  200  cc.  arc  mbced  with  60  cc.  of  2/N  HCl  and  again  diluted  to  2000  cc. 
with  distilled  water.  From  this  latter  eolution  standard  solutions  can  be  prepared 
Bontaining  various  quantities,  these  standards  beinp;  made  up  to  200  cc,  with  distilled 
WBterafter  the  addition  cf  Sec.  of  2/N  HCl.  Considerable  work  is  being  done  on  this, 
but  the  standards  have  not  yet  b^n  accepted  in  this  country.  However,  standards 
can  be  made  by  matching  these  solutions  against  standards  prepared  in  the  usual  way 
ud  tbdr  permanence  is  much  greater  than  such  standards. 

Nitrogen  as  Nitrate 

Phenolsnlphonic  Add  Method 

Reagent.     1.  Phanolaulphonie  Acid,    Dissolve  25  grama  of  pure  white  phenol 
in  150  cc.  of  pure  concentrated  sulphuric  acid,  add  76  cc.  of  fuming  sulphuric 
arid  (15%  SO,),  stir  well  and  heat  for  two  hours  at  about  100°.' 
'Jour.  Amer.  Chem.  Soc,  U,  382, 1911. 
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2.  ATnTtumluTti  Hydrate  l-I. 

3.  Sodium  Carbonate.     10%  solution  of  anhydrous  NoiCOt. 

4.  Standard  Nitrate  Solution.  Dissolve  0.72  gram  pure  or  C.  P. 
nitrate  in  1  liter  of  distilled  water.  Evaporate  carefully  10  cc.  of  this  aolutioD 
on  water  bath,  moisten  thoroughly  with  2  cc.  of  Bolution  No.  1  and  dilute  to  1 
liter.     1  cc.  of  this  -0.001  milligram  of  nitrogen. 

Determination.    Carefully  evaporate  100  cc.  of  water  after  the  additkn  of 
2  cc.  of  sodium  carbonate  solution.    After  this  evaporate  to  dryness,  cool  and 
add  2  cc.  phenolsulphonic  acid  (No.  1),  mixing  well  with  a  glass  rod.     Dilute 
with  25  cc.  of  distilled  water  and  add  an  excess  of  ammonium  hydrate,  making    1 
up  to  100  cc.  volume  with  distilled  water.  I 

The  dilute  solution  is  then  compared  with  the  standard  solution. 

Notes.  When  the  chlondes  are  over  LOO  parts  per  millioii  in  the  orin&al  Ulnpie  , 
they  should  be  removed  with  the  addition  of  silver  sulphate  in  the  solid  form  aodtlM 
water  should  be  filtered  prior  to  evaporation.  It  is  for  this  reason  that  ammoniura 
hydrate  is  used  to  develop  the  color  mstead  of  potasBium  hydrate^  which  ia  frequently 
recommended,  as  a  slight  excess  oF  silver  sulphate  will  result  in  a  dirty  precipitate  whai 
using  potassium  hydrate,  whereas  the  use  of  ammonia  has  no  effect.  Furthmnore, 
the  filtration  of  a  turbid  nitrate  solution  does  not  result  in  a  satisfactt^  cdar,  u 
would  be  the  case  without  filtration. 

Permanenl  standards  can  be  made  by  procedure  given  on  page  539,  or  Htandsrda 
can  be  made  using  tripotassium  nitrophenoldisulphonute.  Thelollowuig  method  if 
given  in  an  article  m  the  J.  Amer.  Chem.  Soc.,  Vol.  33,  pp.  381-384: 

The  theoretical  amount  of  powdered  potassium  nitrate  is  added  to  the  diaulphtnio 
acid  regent  in  small  pinches  at  a  time  (tor  each  cc.  of  rcasent  0.1076  gram  KNft), 
stirring  thorouEhly  after  each  addition.  The  product  is  then  diluted,  treated  witb 
dry  barium  caroonate  to  a  deep  yellow  color,  filtered  and  the  precipitate  washed  with 
boiling  water  to  remove  the  barium  salt  which  is  but  slightly  soluble  m  cold  water.  This 
extraction  must  be  thorough.  Filtrates  and  washinEsare  united,  the  barium  removed 
by  the  addition  of  potassium  carbonate  untU  alkaline,  the  solution  filtered  and  the 
filtra  ~        ■    *  -  ■  ■ 


filtrate  concentrated  and  crystallized.  The  solution  may  then  be  easily  purified  by" 
crystallization.  In  preparing  the  standards,  however,  solutions  made  from  known 
amounts  of  nitrate  standards  will  match  up  with  this  recrystalliKed  solutiMi,and  b^ 
means  of  proper  dilutions  the  series  of  standards  can  be  made.  Standards  made  this 
way  will  last  for  many  months,  whereas  standards  made  from  the  standard  nitrate 
solution  arc  apt  to  lose  value  in  a  month's  period  and  should  be  made  up  very  frequently- 
Optional  Method — Aluminum  Redaction ' 

Reagents.  1 .  Sodium  or  Potiuwium  Hydrate  Solution.  Dissolve  250  gram# 
of  the  hydrate  in  1250  cc.  of  distilled  water,  add  several  strips  of  alimiimmi  foiL- 
and  allow  action  to  pass  overnight.     Boil  down  to  1  liter. 

^.  Aluminum  Foil.     Use  stripe  of  pure  aluminum  approximately  10  cm.  long, 
9  mm.  wide,  and  i  mm.  thick,  same  to  weigh  about  J  gram. 

Operation.  100  cc.  of  water  is  placed  in  a  300-cc.  casserole.  Add  2  cc.  of  the^ 
hydrate  solution  and  boil  down  to  about  20  cc.  Pour  the  contents  of  the  casserole^ 
into  a  test-tube  about  6  cm.  long  and  3  cm.  in  diameter  and  of  approximately  100-cc.^ 
capacity.  Rinse  the  casserole  several  times  with  nitrogen-free  water  and  add  thc0 
rinse  water  to  that  already  in  the  tube,  thus  making  the  contents  of  the  tub^ 
approximately  75  cc.  Add  a  strip  of  aluminum  foil.  Close  the  tube  by  mean^ 
of  a  rubber  stopper  through  which  passes  a  A-shaped  glass  tube  about  5  nmutf 
in  diameter.     Make  the  short  end  of  the  tube  flush  with  the  lower  wde  of  th^- 

Amer.  Jour.  Put^ 
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rubber  stopper  while  the  other  end  extends  below  the  surface  of  distilled  water 
contained  in  another  test-tube.  This  apparatus  serves  aa  a  trap  through  which 
the  evolved  hydrogen  escapes  freely.  The  amount  of  ammonia  escaping  into 
the  trap  is  slight  and  may  be  neglected.  Allow  the  action  to  proceed  for  a  mini- 
mum period  of  four  hours,  or  overnight.  Pour  contents  of  the  tube  into  a  distil- 
ling flask,  dilute  with  250  cc,  of  ammonia-free  water,  distill  and  collect  in  Nessler 
tubes  and  Nesslerize.  When  the  nitrate  cooteot  is  high,  collect  the  distillate  in 
.a  200-cc.  flask  and  Nesslerize  an  aliquot  portion.  If  the  supernatant  liquid  in 
the  reduction  tube  is  clear  and  colorless,  the  solution  may  be  diluted  to  a  definite 
volume  and  an  aliquot  part  Nesslerixed  without  distillation. 

Note.  Where  the  nitrates  are  ^ 
additional  method  given  under  the  h 
ot  Water. 

Oxygen  Consumed 

Reagents.  1.  Standard  Pota—ium  Permanganate  Solution,  Dissolve  0.4 
pam  C.P.  salt  in  1  liter  of  distilled  water.  1  cc,  is  equivalent  to  0.1  milligram 
available  oxjgen. 

2.  Standard  Ammonium  Oxalate  Solution.  Dissolve  0.888  gram  C.P. 
ammonium  oxalate  in  1  liter  of  distilled  water.  1  cc.  is  equivalent  to  0.1  milli- 
gram of  oxygen.  The  standard  pennanganate  solution  must  be  standardised 
against  the  ammonium  oxalate  solution. 

3.  Dilate  Sulphuric  Acid  1-3. 

■  Operation.  100  cc.  of  water  are  measured  into  a  450-cc.  Erienmeyer  flask,  acid- 
ified with  5  cc.  dilute  sulphuric  acid.  Ten  cc.  of  standard  permanganate  solution 
is  run  in  from  a  burette  and  the  flask  is  placed  in  a  bath  of  boiling  water,  the  level  of 
Which  is  above  the  level  of  the  flask  contents,  for  thirty  minutes.  Remove,  Add 
10  cc.  of  standard  oxalic  solution  and  then  determine  the  excess  with  the  standard 
permanganate  solution.  Deduct  from  the  total  permanganate  solution  used  the 
lO  cc.  of  oxalic  acid,  and  the  remainder  represents  oxygen  consumed.  For  par- 
ticulariy  bad  waters  smaller  quantities  of  the  Bamplc  are  talcen  and  diluted  to 
IQO  cc,  as  it  is  undesirable  at  any  time  in  the  course  of  boiling  that  the  pink 
c<riorof  permanganate  be  completely  discharged. 

Chlorine  as  Chlorides 

Seagents.  Standard  Salt  Solution.  16.48  grams  fused  C.P.  sodium  chloride 
*M  dissolved  in  1  liter  of  distilled  water.  100  cc,  of  this  solution  diluted  to 
1  liter  gives  a  standard  sohition,  each  cc.  of  which  contains  .001  gram  of  chlorine. 

Standard  SUoer  Nitrate  Solution.  4.8  grams  dried  silver  nitrate  crysUls 
aje  dissolved  in  one  liter  of  distilled  water.  Each  cc.  of  this  solution  is  equiva- 
lent to  approximately  .001  gram  of  chlorine,  standardized  agaiost  the  Standard 
Salt  Solution. 


PoUuatum  Cbromate.     Ten  per  cent  solution  neutral  potassium  chromate. 

NoTK.  A.  P.  H.A.,  page  43,  recommcnda  S  per  cent  solution  of  neutral  potasmum 
cltntDate,  adding  after  solution  of  the  crystals  in  a.  few  cc.  of  water,  sufficient  silver 
oitiate  to  produce  a  alight  red  precipitation.  This  is  filtered  oS,  and  the  filtrate 
Bude  np  to  volume. 
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Operation.  100  cc.  of  the  sample  are  titrated  with  silver  nitrate  solutAon, 
uaing  I  cc.  of  the  potassium  chromate  as  indicator  to  the  first  pei^stence  of 
the  Hlver  chromate  red.  Subtract  0.2  cc.  blank  from  the  reading.  A  white 
porcelain  dish  or  casaerole  is  the  preferable  container,  although  a  flint-glass  beaker 
over  a  white  porcelain  plate  may  be  used.  Where  a  chlorine  is  hiKh  and  more 
than  15  cc.  of  silver  nitrate  is  used,  a  smaller  sample  (50  cc.  or  25  cc.)  should  be 
taken  and  distilled  water  added  to  bring  the  volume  up  to  approximately  100  cc. 
If  the  original  water  is  noticeably  colored,  25  to  30  by  standard,  it  may  be 
decalorised  by  adding  precipitated  aluminum  hydrate,  bringing  to  a  boil  and 
filtering.     Titration  must  always  be  made  in  the  cold,  however. 

Note.  Precipitated  aluminum  hydrate  is  prepared  by  dissolving  potash  alum  in 
wat«r,  precipitating  by  adding  carefully  ammonia  and  wasting  in  a  large  jar  with 
distilled  water,  bv  decantation,  until  free  from  chlorine,  ammonia,  and  mtrites.  An 
acid  water  should  first  be  neutraliied  with  sodium  carbonate  and  a  water  obtaining 
free  hydrates  shoiiid  be  neutralized  with  sulphuric  acid.  Where  specially  accurate 
work  is  desired,  obeervations  may  be  made  in  a  dark  room  with  a  yellow  lieht. 
(A.  F.  H.  A.,  page  44, }  A  yellow  photographic  glass  may  be  used  in  daylight  and  at 
night  the  ordinary  carbon  filament  electric  light. 

Total  Solid  Residue 

Evaporate  50  cc.  to  dryness,  in  a  platinum  dish,  at  about  270°  Fahr.,  and 
bake  for  at  least  30  minutes  at  that  temperature.  Au  ordinary  water-bath 
temperature  will  not  remove  water  of  crystallisation  from  alkali  sulphates  or 
calcium  sulphate.  Where  water  is  high  in  magnesium  salts,  as  determined  in 
mineral  analysis,  the  water-bath  temperature  is  more  satisfactory,  due  to  the 
readiness  with  which  magnesium  chloride  and  frequently  magne^um  carbonate 
will  decompose  to  oxide.  As  a  rule,  however,  a  temperature  from  240°  to  270° 
meets  most  of  the  conditions. 


Residues  from  acid  waters  should  be  ignited  to  a  dull  red  heat  after  addition 
of  a  drop  or  so  of  sulphuric  acid,  to  insure  complete  removal  of  the  acid  itself, 
which  will  not  go  of!  at  the  temperature  stated.  This  will  result  in  the  decom- 
position of  all  iron  compounds  to  the  oxide  form,  and  will  fix  all  salts,  lime,  mag- 
nesium, sodium  and  potassium,  in  the  sulphate  form,  and  correction  should  be 
made  for  chlorides  present,  which  would  be  converted  into  sulphate. 

Waters  high  in  magnesium  salts  should  be  evaporated  at  the  first  specified 
temperature,  adding,  however,  a  few  cc.  of  50  normal  sodium  carbonate 
solution  to  insure  a  slight  excess  of  sodium  carbonate,  correcting  for  the  weight 
of  sodium  carbonate  added.  Where  the  waters  contain  much  organic  matter 
after  weighing,  they  may  be  very  gently  ignited  at  a  very  dull  red  heat  until  Ute 
carbon  has  been  burned  off.  After  cooling,  the  residue  may  be  recarbonated  with 
tested  ammonia  carbonate  solution,  and  again  dried  in  the  usual  way.  The  differ- 
ence in  weight  after  titrating  for  possible  loss  of  chlorides,  due  to  volatilisation, 
gives  a  close  approximation  of  the  organic  matter  present.  .Similariy,  waters  high 
in  magnesium  chloride  or  nitrate  compounds  may  be  evaporated  with  a  few 
drops  excess  of  sulphuric  acid,  and  ignited  to  a  dull  red  heat,  the  residue  bmig 
compared,  where  a  complete  analysis  is  made,  with  the  sum  of  all  bases  calculated 
to  the  sulphate  form.  This  is  sometimes  more  convenient  and  satisfactory  than 
the  evaporation  with  excess  sodium  carbonate. 
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INTERPRETATION  OF  RESULTS 

The  interpretatjoa  of  the  results  of  a  eanitary  water  analysis  is  lai^ely  a  matter 
of  experience,  and  it  is  impossible  to  lay  down  hard  and  fast  rules  covering  this 
one  matter.  It  ia,  however,  poswble  to  sum  up  the  meaningB  of  the  various 
detennin&tionB  made,  as  each  determination  has  some  bearing  upon  the  sanitary 
condition. 

In  physical  data  the  turbidity  refers  to  insoluble  matter  in  suapen«on.  In 
many  cases  it  is  perfectly  harmless,  although  less  attractive,  and  frequently 
suggests  contamination,  which  is  as  apt  to  be  present  as  not.  High  turbidities, 
following  rain  storms  or  lake  over-turnings,  are  usually  accompanied  by  B.  coli, 
the  intestinal  organism,  in  considerable  quantity.  The  turbid  waters  of  the 
West  may  cause  stomach  trouble  until  a  person  is  accustomed  to  them.  Color 
is  due,  usually,  to  an  extract  of  vegetable  or  organic  matter,  or  to  iron  salta, 
uid  in  itself  has  no  value  save  suggesting  organic  contamination.  Highly  colored 
water  may  have  an  astringent  taste,  and  is  not  looked  upon  with  favor  by  the 
consumer.     It  may  cause  corrosion  in  pipes  and  boilers. 

Various  organic  matters  are  in  no  way  determined  in  this  andysis,  the  results 
obtained  being  simply  indications  of  certain  cycles  in  decomposition  of  nitro- 
genous material,  as  no  decomposition  can  take  place  without  some  resulting 
nitrogen  compound.  Free  ammonia  represents  the  first  stage  in  this  decom- 
pomtion,  and  represents  the  amount  of  organic  matter  present  in  a  partial^ 
decomposed  and  decomposing  state.  Deep  wells  in  glacial  drift  frequently  also 
contain  high  ammonia,  however,  which  would  in  no  way  suggest  active  con- 
tamination. 

Albimiinoid  ammonia  represents  organic  substances  in  an  undecomposed  state, 
which  will,  however,  decompose  under  the  proper  conditions.  The  presence  of 
nitrogen  in  such  combination  in  large  amount  usually  suggests  the  presence 
of  pollution  of  a  sewage  character.  However,  its  presence  usually  accompanies 
and  varies  in  amount  with  the  color  and  with  the  microscopic  organisms. 

The  next  stage  in  the  cycle  is  nitrogen  as  nitrites,  indicating  that  decom- 
position is  actively  progressing.  Nitrite  in  surface  water  may  indicate  con- 
tamination when  in  considerable  quantity,  but  in  ground  water  is  absolutely  of 
no  significance.  {Proc,  Am.  W.  W.  A^c,  19(8,  page  323.)  Its  presence  is 
due  to  the  action  of  certain  types  of  bacteria  either  as  a  product  of  oxidation 
from  free  ammonia  or  as  a  product  of  reduction  from  nitrate.  Ferrous  com- 
pounds have  also  a  bearing  on  such  reduction. 

The  final  state  of  decomposition  is  nitrogen  as  nitrate.  This  indicates  the 
fact  that  at  some  time  in  the  past  organic  matter  has  been  present.  Its  presence 
indicates  a  purified  water.  In  large  amounts  it  may  cause  itching  in  sensitive 
persons.    It  is  an  important  cause  of  corrosion  in  pipes  and  boilers. 

The  oxygen  consumed  represents  the  amount  of  oxygen  required  to  oxidize 
oi^anic  matter  already  in  the  water.  It  has  a  bearing  upon  the  organic  matter, 
but  there  are  many  inorganic  substances  which  also  discharge  the  color  of  the 
permanganate  solution,  and  the  result  should  always  be  considered  in  the  presence 
of  the  other  determinations. 

Chlorine  as  chlorides,  if  above  the  normal  figure  for  any  definite  location, 
ii  a  fairly  good  indication  of  sewage,  as  it  is  one  of  the  most  constant  and  prin- 
dpal  constituents  of  sewage. 

The  total  residue  itself  should  not  be  too  high,  as  an  excess  of  inorganic 


1420 


"WATER  ANALYSIS 


materials  would  atamp  the  water  unfit  from  an  industrial  point  of  view,  and  olao, 
from  the  standpoint  of  the  individual,  might  make  it  unsatisfactory  as  a  drinking 
supply,  for  daily  consumption. 

With  reference  to  standards  of  purity,  it  is  impoasible  to  make  absolute 
standards.  We  quote  as  a  matter  of  interest  a  table  published  by  the  State  of 
lUinois,  giving  their  suggested  limits  of  impurities  for  supplies  in  that  State. 
(The  remarks  which  follow  are  those  of  the  State  Geological  Survey.) 
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The  formation  of  a  reasonable  and  just  opinion  regardinE  the  wholeaomenesa  of  a 
water  requires  that  there  be  taken  into  consideration  all  uie  data  of  the  analysis, 
together  witii  the  history  of  the  water;  the  nature  of  the  source;  character  of  the  soil 
and  earth  or  rook  atrata,  and  the  surroundingB.  The  interpretation  of  results  ia  a  task 
for  the  expert. 

Chlorine  is  the  moat  permanent  element  shown  in  water  analj^is,  aa  it  is  never 
removed  from  water  by  any  changes  or  prooesaes  of  purification.  Satt  depoails,  how- 
ever, in  the  soil  must  also  be  taken  into  consideration. 


Water  analysis 
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Outline  of  Procedure 

BOcc.  (Certified  pipette  or  burette)  evaporated  to  dryness  ftt  270°  F.  in  weighed 
platinum  dish.  Increased  weight  of  diali  represents  total  tolid  residua. 
(Can  be  used  for  8O4  when  sample  is  small.)     Ignite  for  organic  loss. 

50  cc.  Titrate  with  N/IO  acid  or  alltali  for  alkalinitu  or  actditi/.  (Con  be  re-used 
to  malce  up  volume  of  500-cc.  portion  when  water  sample  is  small.)  Methyl 
orange  indicator, 

0  cc  Titrate  with  N/10  AgNO,  for  chlorine. 


\.  Evaporate  to  dryness  (with  a  few  cc.  concentrated  HCI  when  very  accurate 
SiOi  figure  is  necesBory)  in  No.  8  R.  B.  dbb.  fiake  30  minutes,  cool,  add 
boiling  UCl  (concentrated),  dilute  and  filter. 


'■^cipitate  is 
&na  silicate  . 

Surities  (also 
laSU,).  Unless 
iOeat  accuracy 
ctecessary, 
should  \ 
weighed  as  sucl., 
otherwise  SiO, 
can  be  removed 
by  HFI  and  cor- 
rection made. 


Precipitate  (Fe.Al, 
PhoB.)  may  be  i 
ported  as  such 
aa    Fe    and 
after  Qual.   test 
for  phosphate  has 
shown  same  to  be 
absent.      Other- 
wise both  Fe  and 
Phos  should    be 
determined    and 
weight  corrected. 


Prec.  Ca  as 
oxalate, 
dry,  ignite 
and  weigh 
aa  CaCU, 
or  CaO. 


FUtrate  Mg  (and  Mn)  add  50  cc. 
concentrated  Sod.  Phos.  Solu- 
tion,  then  50  oc.  NHiOH,  stir 
well  2  minutes,  or  more,  let 
stand  4  hours,  or  more,  filter 
sod  wash  with  3%  NH<OH. 
iRcite  and  weigh  (determine 
Mn     separately     and     correct 


NoTK.  For  industrial  purposes  the  oriranal  addition  of  UCl  is  not  always 
neeessary  and  correction  for  BaSOt  Phos.  ntn  and  separation  of  Fe  and  Al  can 
be  dispensed  with  unless  there  is  cause  to  suspect  one  to  be  present  in  material 
•mounta. 
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In  the  matter  of  mineTal  analy^  of  water,  it  is  not  so  hard  to  obtain  a  etsn- 
plete  analysis  of  the  water,  including  the  non-incnieting  or  "  neaiiy  always " 
soluble  materials  as  well  as  the  incrusting  materials,  as  it  is  to  make  Dumberless 
individual  or  independent  tests,  in  the  hope  of  drawing  conclusions  from  same. 
The  scheme  of  analysis  which  follows  is  used  exclusively  in  the  writer's  labora- 
tories, and  when  carried  out  as  given,  makes  it  possible  to  complete  analysis  of  a 
water,  or  a  Kroup  of  waters  numbering  up  to  ten,  in  the  penod  of  eight  houn 
elapsed  time,  or  twenty-four  hours,  assuming  the  work  is  arranged  in  such  a  way 
that  the  magnesia  precipitates  are  allowed  to  stand  overnight  before  filtration. 
On  another  page  will  be  found  a  skeleton  form  for  this  complete  analysis,  and 
this  skeleton  will  serve  as  a  rough  guide  to  the  more  extended  discussion  which 
will  follow. 

The  complete  analysis  considers  the  quantitative  determinations  erf  silica, 
iron  and  aluminum,  calcium,  magnesium,  sodium  and  potassium,  as  bases,  and 
carbonate,  hydrate,  nitrate,  sulphate,  chloride,  and  phosphate,  as  radicals  or 
acids,  with  suggested  methods  for  manganese,  ammonia,  barium,  and  other 
materials  which  might  possibly  be  present. 

Prior  to  the  starting  of  the  analysis,  the  physical  characteristics  of  the  water 
should  be  noted,  turbid  waters  should  be  filtercMl,  the  suspended  matter  analysed 
separately  when  necessary,  and  the  amount  dctemiined  either  by  filtration  and 
weighing  of  the  separated  material  (alundum  cones  are  very  satisfactory),  or 
by  the  diCFercnce  between  two  residues,  one  of  which  represents  the  oriipmal  water 
and  one  the  filtered  water.  The  mineral  analysis  should  represent  the  filtered 
supply.  This  is  due  to  the  difficulty  of  getting  uniform  samples  with  suqiended 
matter  at  different  times. 

Silica,  Iron,  Aluminum,  Calcium,  Masnesium 

(Manganese,  Phosphoric  Acid) 
Note.    If  from  qualitative  observations  ttie  water  contains  considerable  mineral 


D  0.6  gram  is  a  good  quantity  to  work  o 

Silica 

Evaporate  over  free  fiame,  then  on  ]-in.  asbestos  board,  to  dryness,  500  «. 
original  water,  using  a  No.  8  porcelain  dish.  Bake  at  110-130°  C.  or  <ai 
asbestos  plate  over  flame  for  one-half  hour.  Moisten  with  10  cc.  concentrated 
HCl,  add  50  cc.  of  water,  boil  fifteen  to  thirty  seconds  and  filter.  Wash  with  hot 
water. 

NoTK.    For  great  accuracy,  evaporate  twice  to  drynees  as  above,  with  the  additioii, 

Srior  to  the  sample  tffAoR  to  dryness,  oF  10  cc.  HCl,  allow  to  bake  as  above,  foUowing 
■OOL  there  on  the  usual  procedure  for  filtration. 

The  precipitate  retained  on  the  filter  paper  represents  the  dlica  or  mliceooi 
matter,  includii^  possibly  barium  sulphate.    Ignite  and  weigh. 

Note.  If  the  amount  is  over  .01  pa.  per  liter,  or  8  parts  per  million,  mcMstoi  witb 
a  few  drops  of  concentrated  suiphunc  acid  and  hydroBuoric  acid,  expel  escea  acidL 
and  revreiKh.    This  must  be  done  in  platinum.    The  loss  repreeents  silica,  and  sbould 
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be  recwded  as  such,  and  the  residue  represents  bases,  principally  b&rium,  cmnbined 
with  sulphuric  acid.  This  will  also  eaten  posaible  calcium  sulphate  that  might  be  left 
..*«j:n-w^i.p»i  J.*-  *<^  «L^.»  L^^i;»»  *«  i««,  J:i. .*:»*.  «p  conditions  which  would  prevent 

Iron  and  Aluminum   (Gravimetric) 

The  filtrate  cont^ns  iron,  aluminum,  calcium,  magnesium,  possibly  manganese, 
ftnd  phosphate.  Bring  to  a  boil,  add  two  or  three  drops  cone,  nitric  acid  and  con- 
centrate to  about  25  cc.  Remove  from  hot  plate  or  flame,  add  ammonium 
hydroxide  in  sUght  excess,  boil  for  one  or  two  minutes,  and  filter. 

The  precipitate  contains  iron,  aluminum,  and  possibly  phosphates.  Bum  and 
wngh  as  oxides  of  iron  and  aluminum,  plus  phosphates,  and  test  50  cc.  of  the 
original  water  with  treatment  in  the  usual  way  to  determine  whether  or  not 
phosphates  are  present.  Where  this  precipitate  of  iron  and  aluminum  oxides  is 
greater  than  0.01  gm.  per  liter  or  8  part«  per  million,  or  where  the  separation  of 
the  iron  and  aluminum  is  advisable,  the  precipitate  should  be  fused  with  eight  or 
ten  times  its  weight  of  potas^um  bisulphate,  redissolved  in  water,  the  iron  reduced 
to  the  ferrous  condition  with  sine,  and  titrated  with  potassium  permanganate, 
recording  the  difference  in  weight  between  the  original  precipitate  and  the  iron 
determination  as  aluminum  oxide. 

FeX1.43-Fe,0,. 


This  portion  can  be  started  at  the  some  time  the  oripnal  analysis  is  started,  and  wUl 
ERAtfy  simii^y  the  detemunation  and  save  time. 

Total  Iron  (Colorimetric) 

Reagents.  Iron  Standard.  0.7  gm.  cryst.  ferrous  ammonium  sulphate  is 
dinolved  in  a  small  amount  of  distilled  water,  add  25  cc.  dilute  (1-5)  sul- 
phuric add,  warm  slightly  and  oxidize  completely  with  potassium  permanganate, 
make  up  to  1000  cc.     1  cc.  =0.1  mg.  Fe. 

Potasalum  Sulphocyanide.    2  per  cent  solution. 

Potatium  Permanaanate.    6.3  gms.  per  liter. 

Opention.  Instead  of  precipitating,  or  where  traces  of  Fe  are  of  impor- 
tance, 100  cc.  to  1000 cc.  of  the  water  may  be  carried  to  dryness  nith  HCI  and  a 
few  drops  of  Br,  token  up  with  5  cc.  (1  :  1)  HCI,  diluted  to  100  cc.  in  a  Nei^sler 
tube,  10  cc.  KCNS  solution  (20  gms.  to  a  liter}  added  and  the  color  compared 
with  standards.    The  com5)ari8on  should  be  made  at  once  as  the  color  fades. 

NoTK.  It  is  frequently  aa  satisfactory  to  add  the  standard  iron  solution  from  a 
burette  to  a  IDD  cc.  Neasler  tube  containing  6  cc.  (1  ;  1)  hydrcchloric  acid  (Fe  free), 
10  cc.  potassium  sulphocyanide  solution  (20  gms.  to  a  liter)  and  sufficient  distilled  water 
until  the  color  mattes  that  of  the  sample. 

(Ferrous  Iron — Colorimetric) 
(Frequently  desirable  in  acid  waters  but  rarely  necessary.} 
Reagents.     Iron  Standard.     0.7  gm.  cryst.  ferrous  ammoniuni  sulphate  is 
difltolved  in  one  liter  of  distilled  water  containing  10  cc.  dilute  H|S0|.    (Not 
Should  be  made  up  as  needed.)     1  cc,  -0.1  mg.  Fe. 
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Fotautum  Ferricytmlde  Solution.  (Prepare  as  needed.)  0:5  g.  per  100  ec. 
distilled  water. 

Su^huric  Acid.     1:5. 

Note.    Prepare  sample  and  stsadards  at  eame  time. 

Operation.  Place  in  100  cc.  Neasler  jar  50  cc.  of  sample,  10  cc.  dilute  H^Ot 
(1-5),  filter,  if  necessary,  to  remove  suspended  matter,  add  15  cc.  potassium 
ferricyanide  solution  and  make  up  to  100  cc.  mark  with  distilled  water. 
Compare  with  standards  made  as  follows: 

Place  in  100  cc,  Nessler  jar  75  cc,  distilled  water,  10  ec.  dilute  H£0«  (1-5) 
and  15  cc.  potassium  ferricyanide  solution,  and  mix  well.  Add  various  amounts 
of  Iron  standard  from  burette,  mix  and  compare  color.  Determine  ferric  iron 
by  deduction  of  ferrous  iron  from  total  iron. 

Phosphates  ^ 

Reagentg.    Amnwnium  Molybdate.    50  gms.  c.p.  neutral  salt  dissolved  is 

1  liter  distilled  water. 

Nitric  Acid  (spec.  grav.  1.07).     Dilute  about  1-5  with  distilled  water. 
Standard  Phosphate  Solution.    0.5324   gm.    c.p.   cryst.  Na,HPOfc  12H,0. 

Dissolve  in  distilled  water,  100  cc.  standard  HNOi  added.    Dilute  to  1  liter. 

One  cc.  =0.0001  gram  P,0^ 

Operation.  Evaporate  50  cc.  water  to  dryness  in  porcelain  after  addition  of 
3  cc.  HNO,  (spec,  grav,  1.07).  Bake  two  houra  at  212°  F.  Take  up  with  50  cc. 
distilled  water,  add  4  cc.  molybdatc  solution  and  2  cc.  HNd,  and  compare  in 
Nessler  tube  with  standards  from  phosphate  solution  made  to  50  cc.  and  treated 
with  same  reagents.  A  tube  2.5  cm.  by  24  cm.  to  100-cc.  mark  of  hard,  white 
glass  is  most  suitable.'  Where  waters  are  already  colored  the  evaporation  should 
be  carried  on  with  3  cc.  HNOi  and  0.5  cc.  {or  hiore,  if  water  is  highly  colored)  of 
KMnOt  solution,  (1  gram  per  1000  cc),  baking  at  212°  F.  for  the  same  time.' 
Where  the  phosphate  is  present  in  large  enough  quantities  to  precipitate  the 
gravimetric  methods  may  be  used. 

Calcium 

The  filtrate  from  iron,  aluminum  and  phosphate  precipitate  contains  calcium, 
magnesium,  and  possibly  manganese.  Concentrate  to  about  100  cc.  Add  to  Hx 
hot  ammoniacal  solution  a  concentrated  (saturated)  solution  of  anunonium  oxa- 
late drop  by  drop,  or  add  in  small  portions  crystals  of  ammonium  oxalate.  Albw 
to  boil  two  minutes,  stirring,  if  necessaiy  (on  account  of  heavy  precipitate  and 
tendency  to  bump),  remove,  filter  and  wash.  (Five  complete  washings  are  usu^y 
sufficient.) 

Note.  Where  great  a 
redissolved  in  a  email  amoi 
ammonium  oxalate. 

The  calcium  oxalate  upon  the  filter  paper  can  now  be  binned  and  weighed 
either  as  calcium  oxide  or  calcium  carbonate. 

'  J.  Am-  Chem.  Soc.,  M,  96,  1901. 

>  J.  Ind.  and  Eag.  Chem.,  i,  301-2, 1913. 
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watched  and  the  flame  gives  just  BulRdeiit  heat  to  carbonize  and  destroy  the  61ter 
paper,  there  will  be  no  chance  whatever  of  an^  calcium  oxide  being  formed,  or  any 
eafcium  oxalate  being  left.  Where  hypothetical  combinations  are  used,  it  is  veiy 
CQDvenient  to  have  the  calcium  as  carbonate  without  calculation.  Where  binned  to 
the  complete  oxide  it  is  frequently  necessary  to  use  a  blast  lamp,  as  large  precipitates 
require  a  h^  temperature  to  reduce  completely  to  oxide  form. 

.  Optional  (Volumetric) 

Or  it  may  be  dissolved  in  2%  sulphuric  acid  and  titrated  with  the  standard 
solution  of  potassium  permanganate.     (N/50  KMnOi  may  be  used.) 

Note.  Where  the  volumetric  method  is  to  be  used,  five  complete  waahinfcs  are 
not,  as  a  rule,  auflictent,  as  the  presence  of  traces  of  ammonia  salts,  while  not  interfering 
in  any  way  with  the  gravimetdc  determination,  are  prone  tt  have  considerable  influence 
upon  the  volumetric  results,  due  to  the  poviibility  of  traces  of  ammonium  oxalate 
■till  being  present. 

Fe  Value  X  0.895 -CaCO,. 

Fe  Value  X  0.5016  =CaO. 

Fe  Value  X  0.3584  =Ca. 

Magnesium 

The  filtrate  contains  magtiesivm  (and  posaibly  manganese).  Acidify  with  HCl, 
concentrate,  if  necessary,  to  150  cc,  add  25  cc.  saturated  solution  of  ammonium 
sodium  hydrc^n  phosphate  (NHiNaHPO,,  4HiO,  microcosmic  salt),  cool  and  make 
aUaline  with  ammonium  hydrate.  Allow  to  etand  at  least  four  hours,  lUter 
*nd  wash  with  3%  solution  of  ammonium  hydrate.    Bum  and  weigh  as  MgiPiOi. 

Note.  Accurate  results  are  also  obtained  with  the  use  of  sodium  phosphate  added 
direct  to  the  filtrate  from  the  calcium  precipitate  without  previously  acidifying  with 
*cid,  with  25  cc.  to  50  cc.  of  ammonium  nydrste  added  to  make  stronKly  alkaline,  after 
*hich  the  solution  should  be  very  thoroughly  stirred  (for  at  least  two  minutes),  using 
^  rubber-ended  glass  rod.     Allow  to  stand  at  least  four  houra^. 

For  very  rapid  work  in  either  case,  if  the  magnesium  solution  after  the  precipitation 
'■  cooled  in  ice-water,  filtratioa  can  be  frequently  made  in  two  hours'  time. 

For  «xtremely  accurate  work  the  precipitate  produced  in  either  of  the  methods 
V>ove  should  be  redissolved  in  a  little  dilute  HCl  and  the  precipitation  repeated. 

Optional  (Volumetric) 

Reagent     Sodium  Arsenate,  10%  solution. 

The  filtrate  from  the  calcium  precipitate,  or  an  original  portion  of  500  cc. 
■torn  which  iron,  aluminum  and  calcium  have  been  removed  as  above,  is  acidified, 
^^centrate  to  the  point  of  crj'Stallization,  after  which  appronmately  one-third 
■^7  volume  of  ammonium  hydrate  and  25  cc.  sodium  arsenate  solution  are  added 
^d  the  solution  vigorously  shaken  for  at  least  ten  minutes,  filtered,  and  the 
C>redpitate  washed  free  from  arsenic  with  distilled  water  to  which  has  been 
«dded3%C.P.  ammonia  water.  Dissolve  in  50  cc.  dilute  H^O,  (1:3),  transfer 
"^o  precipitation  flask,  dilute  to  approximately  100  cc.  and  add  3.4  grams  potas^ 
«inm  iodide.  Allow  to  stand  five  minutes  and  titrate  with  standard  thiosulphate 
aolutJOQ  until  the  yellow  color  of  the  liberated  iodine  just  disappears.  Starch 
«s  an  indicator  is  not  satisfactorj-,  nor  necessary.  This  method  is  not  so  accurate 
as  the  gravimetric  method,  giving  slightly  high  results,  but  is  good  for  rapid  work.' 
1  J.  Am.  Chem.  Soo.,  29,  1464-7;  ibid,  SI,  146. 
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Manganese 

Where  necessary,  manganese  should  be  determined  aeparately  in  anotbei 
portion  of  the  water  and  corrections  made.  The  Knorres  Peraulphate  method  ii 
the  most  reliable  for  large  amounts  (10  milbgrams  Mn  per  liter);  the  Bih 
muthate  method  for  smaller  amounts, 

Knorres,  Persulplut«  Method  (Volumetric) 

Reagents.     Polas»lum  BUulphate  C.  P. 

Ammonium  Persulphate  Solution  (60  grams  per  liter  distilled  water). 

Hydrogen  Peroxide  Solution.  Equivalent  to  N/IO  KMnO,.  (Appiox.  S.Sh., 
3%  H,0,  diluted  to  100  cc.) 

Operation.  Evaporate  5  liters  or  more  to  dryness,  adding  first  10  cc.  con- 
centrated MtSOi.  Ignit«  after  adding  a  few  crystals  of  potassium  bisulphaU 
and  take  up  in  hot  water.  Transfer  to  250-cc.  Erlemneyer  flask  with  5  cc.  dilute 
(1  :  3)  H|SO(,  add  10  cc.  ammonium  persulphate  solution,  boil  twenty  nuniltH, 
cool,  dissolve  precipitate  (manganese  superoxide)  in  standard  hydrogen  peroxide 
solution.     (If  no  ppt.  forms  no  manganese  Is  present.) 

NOTEH.  When  hydrogen  pcroxEde  solution  is  standardized  against  N/lO  KMnOt 
1  cc.  will  be  equivalent  to  2.754  milligram  Mn. 

An  excess  of  10-20  cc.  HtOt  Sol.  can  be  added  and  this  excess  titrated  with  N/10 
KMnO.. 

Sodium  Bismuttut«  Me&od  (Cotorimebic)< 

Reagents.  Potataium  Permanganate.  0.2S8  gram  KMnO.  to  1000  «. 
1  cc.  =0.1  milligram  Mn. 

Sodium  BUmuthate  (purest). 

See  method  of  preparation  of  reagent  given  on  page  263. 

mtrie  Acid.  (Spec.  grav.  1.135)  3  parts  concentrated  HNO,  to  1  part  H.0 
should  be  blown  with  air  until  free  from  oxides  of  nitn^en. 

Sulphuric  Acid.  25  cc.  concentrated  HiSO*  to  1000  cc.  Add  permai^anate 
solution  to  a  faint  but  noticeable  color. 

Operation.  Evaporate  500  cc.  in  porcelain  dish  after  adding  1  cc.  dilute  H^t 
in  excess  to  that  necessary  to  neutralize  all  alkali.  Ignite  to  remove  free  ta^ 
(oiganic  matter  and  chlorine),  cool  and  dissolve  in  50  cc.  HNOi  (30  cc.  concentrated 
HNOi  to  1  liter),  with  heat  if  necessary.  Cool  again,  add  0.5  gram  sodiuiD 
bismuthate  and  heat  until  pink  color  disappears,  re-cool  and  add  sodium  bigmiifJi- 
at«  in  excess,  filter  through  asbcsUis  in  Gooch  crucible  (asbestos  must  be  fn« 
from  organic  matter,  thoroughly  washed  and  ignited),  or  alundum  crudhk, 
Wash  with  nitrite-free  distilled  water  containing  5%  dilute  HNO,  (30  cc.  concen- 
trated HNO,  per  liter),  into  Nesaler  tube,  make  up  to  100  cc.  and  match  with  cokw 
produced  by  necessary  amount  of  standard  KMnO,  in  100  cc.  H^Oi  i 

No.  cc.  standard  KMnO*  X  0.2  =  milligramB  Mn  per  liter. 


I 


No.  cc.  X  0,278  =  milligram  Mn  per  liter. 

■  J.  Am.  Obem.  Soc.,  S9,  1074-78, 1907. 
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Sulphates 

100  cc.  of  the  water  ia  slightly  acidified  with  cone.  HCI  and  5  cc.  10  %  NH<C1 
R^ution  added,  brought  to  a  boil,  and  if  turbid  is  filtered  and  washed  four  or  five 
times  with  boiling  water.  The  clear  or  original  water  is  now  brought  to  a  boil 
ud  10%  barium  chloride  added  drop  by  drop  to  the  boiling  solution  in  slight 
aceen.  Boil  ten  minutea,  stirring  from  time  to  time,  if  the  precipitate  ib  heavy. 
Remove  and  attoio  U)  cool  prior  to  filtering.  Tho  precipitate  consists  of  barium 
mlphate.     Waah  free  from  chlorides,  testing  with  AgNOi.     Dry,  ignite  and  w«gb. 

BaSO,  X.4n=S0,. 
BaSO.  X.583=CaSO.. 
milligrams  BaSO*  X  .338  -CaSOt  grains  per  gallon. 

Benzidine  Me&od.  (Optional)' 

Reagents.  Benzidine  Solution.  Triturate  in  a  mortar  with  6  cc.  to  10  cc. 
water,  4  grams  benzidine  base.  Transfer  to  liter  flask,  add  10  cc.  HCI  and  make 
to  volume.     1  cc.  -  .0013  gram  SO,. 

Bgdroxiflamine  Hydrochioride.     1%  solution  in  water. 

Operation.  Add  10  cc.  hydroxylamine  hydrochloride  to  250  cc.  water,  then 
kdd,  at  once  stirring  well,  100  cc.  benzidine  solution.  Allow  to  stand  fifteen  to 
twenty  minutes,  decant  through  vacuum  filter  and  wash  with  10  cc.  to  20  cc. 
distilled  water  (do  not  let  filter  run  dry),  return  filter  paper  to  beaker,  cover 
with  distilled  water,  bring  to  a  boil  and  titrate  with  N/10  or  N/50  NaOH,  umg 
pbenolphthalein  as  indicator. 

One  cc.  N/10  NaOH  -  .0048  gram  80,. 
One  cc.  N/50  NaOH  =.00096  gram  SO,. 

Note.  An  accurate  method  by  the  turbidimeter  is  given  by  Hale  in  the  chapter 
OD  Coal,  page  S7S. 

N.  B.  Method  by  Muer,  Jour.  Imd.  Eng.  Chem.,  Vol.  3,  Aug.,  1911.  When  the 
ulpbate  is  25  p.p.m.  <a  more,  the  determination  may  be  made  by  the  turbidimeter 
nifthad  direct  on  100  cc.  For  leas  quantities,  larger  amounts  of  water  are  taken  and 
evaporated. 

Sodium  and  Potassium 

The  filtrate  contmns  sodium  and  potassium  and  may  be  used  for  such  unleea 
the  water  is  highly  minerahzed,  in  which  case  a  new  portion,  100  cc.  to  500  cc., 
tlu>tM  be  taken. 

Evaporate  to  dryness,  add  saturated  solution  of  barium  hydrate  in  excess, 
fiher,  wash  with  hot  water,  add  to  the  filtrate  ammonium  carbonate  in  excess  and 
a  few  drops  of  ammonium  oxalate,  boil,  filter,  evaporate  again  to  dryness  and  dry 
■t  a  high  temperature  to  expel  excess  of  anmionia  s^ts.  Redissolve,  add  slight 
excess  of  ammonium  carbonate  again  and  continue  until  no  further  precipitate 
is  formed  on  such  addition.  Evaporate  to  dryness  in  a  weighed  platinum  dish, 
remove  ammonium  salts  by  high-temperature  drying,  and  weigh  the  combined 
chlorides  of  sodium  and  potassium.  Moisten  with  about  25  cc.  of  water  and  a 
few  drops  of  HCI  and  add  from  1  cc.  to  5  cc.  of  10%  solution  of  platinic  chloride 
'£^dbaum  and  Nydegger,  Z.  Agnew.  Chem.,  1007-9. 
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(1  cc.  to  each  25  milligrams  to  30  milligrams  total  chlorides).  Evaporate  to  dry- 
ness on  water  bath,  take  up  and  wash  with  95%  alcohol  until  filtrate  is  free  from 
color.  Dry,  rediasolve  precipitate,  washing  through  the  filter  paper  in  hot  water. 
Evaporate  again  to  dryness  and  weigh  as  KtPtCU. 

K,PtCl,X.16I-K. 
K,PtCtx.307  =  KCl. 

ZJeduct  from  combined  we^t  of  chlorides.     Remaining  NaCIX.394=Ka. 

e  calculated 


Alkalinity 

In  ordinary  ca^ee  titrate  with  N/IO  or  N/50  H.SO,,  vtsaag  methyl  orange  as 
indicator.    Special  cases  will  be  considered  later. 

Reagents.    Sulphuric  acid,  N/IO.    Methyl  orange..   Phenolphthaldn. 

Operation.  250  cc.  of  water  in  400-ec.  beaker  or  a  casserole  are  titrated  with 
N/10  HiSO,,  using  two  to  five  drops  of  methyl  orange  indicator  (or  50  cc.  can 
be  eimilariy  titrated  with  N/50  H,SO,). 

Calculate  for  2d0-cc.  sample. 

No.  cc,X4X.005-gms.  per  liter  CaCO.. 

No.  cc.X4X68.4X.005=grs.  per  gallon  CaCOh 

Or         Xl,168-grs.  per  gallon  CaCO,. 

Distilled  water,  and  neutral  waters  containing  magnesium  chloride  and 
magnesium  sulphate  frequently  give  an  alkaline  reaction  when  used  with  methyl 
orange.  In  such  cases  from  .2  to  ,8  cc.  N/10  acid  are  required  to  discharge  the 
alkaline  color  of  the  methyl  orange.  Such  a  procedure  would  surest  to  the 
operator  that  the  waters  were  alkaline.  However,  if  such  neutral  waters  are 
boiled  with^henolphthalein  as  an  indicator  for  twenty  minutes  and  no  pink 
color  devej0a,  t^  waters  are  not  alkaline  but  neutral.  The  use  of  &  blank  of 
.2  cc.  is^^iq  value  under  such  conditions  and  it  appears  to  the  writer  as  much 
the  safest  way  when  the  titration  is  under  1  cc.  of  N/10  acid  that  the  water  be 
boiled  with  phenolphthalein  in  an  effort  to  determine  absolutely  whether  this 
water  is  alkaline,  due  to  the  presence  of  a  carbonate  as  indicated  by  the  methyl 
orange,  or  whether  the  alkalinity  is  entirely  due  to  the  hydrolj-zing  of  the  cal- 
cium or  magnesium  ba.se  present  in  the  absence  of  alkali.  When  no  pink  cokff 
is  produced  the  water  should  be  pronounced  neutral. 

Phenolphthalein  may  also  be  used  as  indicator  on  another  250-cc.  porticm, 
using  the  above  procedure.  This  titration  in  connection  with  the  methyl  orange 
titration  makes  possible  a  determination  of  the  relation  of  carbonate,  bicarbonate 
and  caustic  alkalinity. 

The  following  is  adapted  from  a  table  on  page  39,  Standard  Methods  of  Water 
Analysis  of  the  American  Public  Health  Association,  and  is  of  value  in  showbg 
the  relation  of  the  various  titrations.  Methyl  orange  has  been  used  in  place  of 
wythrosine. 
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TABLE  SHOWING  RELATION  BETWEEN  ALKALINITY  BY  PHENOL- 
PHTHALEIN  AND  THAT  BY  METHYL  ORANGE  IN  PRESENCE  OF 
BICARBONATES,  CARBONATES  AND  HYDRATES. 


Bi  carbon  ilm. 

Ci>rbonat«. 

Hydralea, 

M 

M-2P 
0 
0 
0 

0 
2P 
2P 

2(M-P) 

P-  M 

o 

Acidity 

e  N/10  Na,CO,  and  250  c( 


AcLilily  due  to 

Inaicstor. 

Hoi  or  Cold, 

Carbonic  &nd  sulphuric  acida,  also  Fe  and  Ai 

Phenolphthalein 

Sulphuric  acid,  also  Fc  and  Al  sulphates 

BoilinK 

Methyl  orange 

When  desired,  20  cc.  N/IO  H^SO^  may  be 
added.   Boil  lifteeii  to  twenty  minutes,  cool 
and  titrate,  noting  the  excess  of  acidity  over 
the  original  20  cc. 

Free  Carbonic  Acid  > 

Reagents.  Eithcrstandard  N/IO  sodium  carbonate  or  standard  N/22  sodium 
Carbonate.  For  the  latter  dissolve  2.41  grams  of  dry  sodium  carbonate  in  one  liter 
of  distilled  water  which  has  been  boiled  and  cooled  in  a  carbon  dioxide  fr«e 
atmosphere.  Hold  both  solutions  in  glass  bottles  protected  by  tubes  filled  with 
Soda-I^e. 

One  cc.N/10  Na^O,  =  2.2  milligrama  CO,. 

One  cc.X/22  Na,CO,  =  1.0  milligram  CO,. 

Operatioa.    With  N/10  sodium  carbonate  titrate  250  cc.  of  sample  in  400- 
ce.  b^ker,  using  phenolphthalein  as  indicator.    First  faint  but  permanent  pink 
denotes  end-point. 
Vma%  250  cc. 

No.  cc.  N/IO  Na,CO,X8.8=CO,  parts  per  million. 
No.  cc.  N/IO  Na,COiX.513  =C0,  grains  per  gaUon. 

With  N/22  sodium  carbonate  solution,  use  100  cc.  of  sample,  preferably 
is  100-cc.  Nessler  tube,  titrate  and  rotate  the  tube  until  faint  but  permanent 

,     '  For  criticismB  of  this  method  Bee  Z.  Nahr.  Genuaam.,  E4,  429,  also  Cfaem.  Abs., 
*>  1024;  C.A.,  «,  3137;  C.A.,  7,  38. 
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pink  color  30  seconds  without  fading  is  produced,  uong  phenolphtbaleiD  as  'a£- 
cator 

U«ng  100  CO. 

No.  cc.  N/22  Na,CO,X  10  =  CO,  parts  per  million. 

No.  cc.  N/22  N»,CO,X.583  =C0,  grains  per  gallon. 

Chlorine 

Titrate  100  cc.  of  water,  using  1  cc.  of  10%  potassium  chromate  as  an  indica- 
tor, with  N/10  AgNOi  to  first  permanent  indication  of  the  red  silver  chromate. 
(Acid  waters  should  be  neutralized  and  sulphide  waters  boiled  with  a  drop  or  »  rf 
nitric  acid  and  then  neutralized  for  reliable  results.) 

No.  CC.X3.42  =BrB.  per  gallon  NaCI. 
No.  CC.X58.46  =parte  per  million  NaCl. 
No.  CC.X35.46  =part8  per  million  CI. 

Note.  Where  qualitative  test  shows  chlorine  to  be  high,  smaller  portions  of  tbe 
sample  should  be  taken,  cither  by  certified  pipette,  or  burette,  and  when  the  litrslHD 
with  N/10  AgNO,  ia  less  than  .2  cc.,  N/50  or  N/100  AgNO.  should  be  used  for  accuncj'. 

Nitrates 

(Also  see  Sanitary  Analysis) 

Evaporate  100  cc.  of  water,  after  adding  2  cc.  10%  Na,COj,  to  dryness,  cool, 
moisten  with  2  cc.  phcnoUuI phonic  acid,  add  50  cc.  water  and  then  NHiOH  until 
slightly  anunoniacal,  Yellow  coloration  shows  presence  of  nitrates.  Compue 
with  standards  which  should  be  renewed  every  month,  or  oftener.  Less  than 
i  grwn  per  gallon,  or  about  2  parts  per  million  aa  KNOi,  while  of  value  in  saniury 
analyses,  usually  rank  as  "  trace  "  in  mineral  waters. 

Where  nitrates  are  high,  85  to  90  parts  per  million,  or  5  grains  per  gallon  snd 
over,  colorimetric  methods  do  not  always  give  reliable  results,  and  500  cc.  of  tlK 
water  should  be  first  boiled  with  a  slight  excess  of  acid,  then  made  alksHne 
with  sodium  or  potassium  hydroxide,  reduced  with  10  grams  each  of  powdered  Zn 
and  Fe,  or  10  grama  powdered  Al,  and  distilled  into  an  excess  of  N/10  or  K/IW 
HCI,  as  the  case  may  be,  and  titrated  back,  using  cochineal  as  indicator,  iii<l 
calculating  the  ammonia  absorbed  to  NO,  or  Ca(NOj)i  as  desired.  (Where  t« 
ammonia  or  its  compounds  are  present  corrections  must  be  mode.) 

A  recent  modification  of  this  method  depends  upon  the  absorption  of  ammoni* 
into  a  solution  of  boric  acid  (5  grams  boric  acid  in  100  cc.  of  water).  Ehielo 
the  very  weak  acidity  of  the  boric  acid,  it  is  possible  to  titrate  the  anunonii 
direct  with  standard  acid,  using  methyl  orange  as  an  indicator,  and  this  hasu* 
advantage  of  doing  away  with  two  standard  solutions.  The  boric  acid  streogtb 
is  based  upon  5  grams  of  boric  acid  to  100  cc.  of  water  to  each  .2  gram  of  anu3>i»i» 
absorbed.  It  ia  stated  that  even  the  cooled  condenser  is  unnecessary,  in  tl» 
absorption.' 

'  The  Volumetric  Determination  of  Ammonia.  L.  W.  Winkler,  Budapest.  Z.  anp"- 
Chem.,  26,  Aufgatiteil,  231-2. 

Deterraination  of  Ammonia  by  the  Boric  Acid  Method.  L.  W.  Winkler,  Z.  an(W- 
Chem.,  B7,  1 ,  630-2,  1914.  „       _,    t 

The  Determination  of  Ammonia  by  the  Boric  Acid  Method.  E.  Benian,  £■ 
angcw.  Chem.,  87, 1,  664, 1914. 
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Ammonia  and   Its  Compounds 

Place  500  cc.  or  less  in  an  800-cc.  Kjeldaht  flask,  make  alkaline  and  distill 
bto  K/10,  or  weaker,  HCI,  titrate  with  cochineal  or  Nesslcrize.  (See  Sanitary 
Analysis,  page  536.) 

Total  Mineral  Residue 

Vae  a  clean  weighed  platinum  dish.  Evaporate  50  ec.  (certified  pipette)  to 
dryness  at  about  130°  C.  and  bake  for  at  least  thirty  minutes  at  that  temperature. 
Oidinaiy  water-bath  temperature  will  not  remove  water  of  crystallization  from 
a^SOt  or  CaSOi.     Weigh  to  the  fourth  decimal  or  .0001  gram. 

Weight X 1168  ^grains  per  gallon. 

0.1  milligram  >2  parts  per  million. 

Residues  of  acid  waters  should  be  ignited  to  a  dull  red  heat.  Where  the 
iddity  is  low  a  drop  or  so  of  sulphuric  acid  should  be  added  to  assure  the  fixation 
of  all  sodium  and  potassium  salts  as  the  sulphate.  The  ignition  should  be  com- 
plete so  that  no  free  acid  is  left  behind  and  to  assure  the  decomposition  of  all  iron 
mmpounds  to  the  oxide  form.  In  calculating,  correction  must  be  made  for  the 
change  in  the  iron  salts  and  all  other  compounds  converted  to  the  sulphate  form 
lot  comparison  with  the  sulphatcd  residue,  and  then  the  proper  corrections  made 
to  give  the  theoretical  residue  on  the  original  water. 

Residues  with  much  organic  matter,  aft«r  weighing,  may  be  gently  ignited  until 
the  carbon  has  been  burned  off,  cooled,  recarbonated  with  tested  (NHiJiCO.  dried 
uid  again  weighed.  The  difference  in  weight  aiter  titrating  for  possible  volatjl- 
Ued  chlorides  gives  approximately  the  oi^nic  matter  present. 

Waters  high  in  easily  decomposed  MgCli  or  Ca(NO])t  should  be  evaporated 
tith  a  few  drops  excess  of  HiSOi,  or  NaiCd,  and  the  residue  compared  with  an 
addition  of  all  bases  calculated  to  the  sulphate  form,  or  corrected  for  added  car- 
Moate. 


Hydrogen   Sulphide 

Due  to  the  fact  that  hydrogen  sulphide  is  frequently  very  trannent  and  often 
izidiies  to  sulphate  in  transit,  it  is  advisable  to  collect  this  sample  in  a  special 
ontaincr  at  the  point  of  sampling.  Two  or  three  bottles  holding  exactly  250  cc. 
if  water  each,  are  used,  each  bottle  containing  50  cc.  N/IOO  iodine  solution. 
Liter  fillir^;,  the  bottle  is  sealed.  The  sample  is  titrated  with  standard  N/IOO 
odium  thioeulphate  upon  receipt  at  laboratory,  at  which  time  a  blank  is  run, 
«ng  50  cc.  iodine  solution  made  to  mark  with  distilled  water.  The  difference 
etween  the  titration  of  the  sample  and  the  blank  represents  hydrogen  sulphide 
icsent. 

Iodine  valuex0.1263x4 -sulphur  value  grams  per  liter. 
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Oil 


Frequently  waters  from  condeneing  enKJQe,  or  after  pasmng  heaters  or  oil 
separators,  stiil  contain  oil  in  small  quantities.  The  following  method  has  been 
found  most  satisfactory: 

Reagents.  Ferric  Chloride  Solution.  (10  grams  of  iron  dissolved  in  200  ec 
HCl,  oxidized  with  HNOi  and  made  to  one  liter.) 

Amnutnia  C.P. 

Note,  tf  the  oil  exceeds  0.4  KTain  per  Rallon,  use  500  cc,  or  less  for  the  del«t^ 
mination;  if  below  0.4  grain  per  gallon  use  1  iiter. 

Operation.  Add  to  the  water  taken  in  a  large  beaker  or  flask  5  cc.  of  the 
"  ferric  chloride  "  solution  and  heat  nearly  to  boiling;  then  add  ammonia  in 
excess,  to  precipitate  the  iron  (which  precipitate  contains  all  the  oil),  and  Iwil  for 
two  minutes. 

Allow  to  stand  a  few  minutes  and  filter  through  a  15  cm.  filter  paper  which 
has  been  previously  extracted  with  ether,  transferring  the  precipitate  on  to  the 
paper  with  hot  water,  and  washing  three  or  four  times  with  hot  water.  Then  dr>- 
both  filter  and  precipitate  in  the  water  oven  at  100°  C.  and  when  dry,  extract 
with  ether  in  the  soxhlet  in  the  usual  way,  evaporate  the  ether  extract  and 
weigh  the  remuning  oil. 

Dissolved  Oxygen 

Use  the  Wnlder  Method  > 

Reagents.  No.  1.  Manjranoua  Su^hate  Solution.  48  grams  manganous 
sulphate  dissolved  in  100  cc.  distilled  wat«r. 

No.  2.  Iodide  Solution.  360  grams  NaOH  and  100  grams  KI  dissolved  in  1 
liter  of  distilled  water. 

No.  3.  Concentrated  hydrochloric  acid,  or  Bulphurle  acid  ap.gr.  1.4  (dilute 
i:  1). 

No.  4.  Sodium  Thiofutphate  Solution.  N/100  sohition  is  made  as  needed 
from  the  N/10  stock  solution. 

Note.  Not  permanent;  should  be  frequently  reatandardized  againat  N/100  potM- 
sium  bichromate. 

The  addition  of  5  cc.  of  chloroform  plus  1 ,5  Krama  sodium  or  ammonium  carbonate 
to  cjich  liter  of  solution  on  mixing  will  improve  its  keeiin^  quality. 

N/40  sodium  thiosulphate  containing  6.2  grams  C.P-  recryitalliiEd  salt  psr  liter 
may  be  preferred  to  N/100  strength.  1  cc.of  thiaaolution  iaequivalentto0.2miiligraia 
oxygen  by  weight  or  0.1395  cc.  oxygen  by  volume,  standard  conditions. 

5.  Starch  Solution,'  The  starch  should  first  be  made  into  a  thin  past*  wild 
cold  water  and  about  200  times  its  weight  of  boiling  water  stirred  in  and  boiled 
for  a  few  minutes.     A  few  drops  of  chloroform  will  assist  in  preserving  this  solution. 

Collection  of  Sample.  A  small-necked,  2d0-cc.  bottle  should  be  used,  ctcbed 
or  otherwise  marked,  with  its  exact  volume  previously  determined.     The  collee- 

■  Ber.  deutsche  Chem,  Gescll.,  21,  2843,  1888.  Also  Z.  Anal.  Chem.,  U,  C65-73, 
1914;  C.F.C.A.,  8,  674, 1915. 

>Hale  gives  the  following  method.  "Rub  S  grama  of  potato  starch  with  cold  wata 
lo  a  thin  paste  together  with  10  milligrams  of  mercuric  iodide.  Pour  into  one  liter 
of  boiling  water  and  boil  half  an  hour." 
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tion  should  be  80  arranged  to  exclude  ouUide  air  and  result  in  eeveral  con- 
liouous  changes  of  the  contents  before  stoppering,  care  being  taken  to  exclude 
air  bubbles. 

Operation.  To  sample  as  received  add,  in  both  cases  by  pipette,  delivering 
below  surface  of  water  and  away  from  the  air,  2  cc.  solution  No.  1  (manganese 
sulphate)  and  No.  2  (NaOH.KI).  Restopperand  shake  thoroughly.  After  pre- 
cipitate has  settled  add  2  cc.  HCl  or  HvSOt  and  again  mix  by  thorough  shaking 
until  precipitate  h?.s  a  mpletcly  dis.solved,  transfer  100  cc.  to  flask,  and  titrate 
*-ith  solution  No.  4  (sodium  thiosulphate),  using  alarcb  as  indicator  near  end  as 
the  color  approaches  a  faint  yellow. 

N  =  cc.  N'/lOO  thiosulphate  solutii 

V  =  ca|>acity  of  bottle  less  4  cc.  (i 

0=tbe  amount  of  oxygen  in  pari 

iwrature  and  pressure. 


(1>  Oxygen  in  p.p.m. 

(2)  Oxj-gcn  in  cc.  per  liter        = 

(3)  Oxygen  per  cent  saturation  = , 


.00(1SNX1.000,000      „.,  , 

100  -■^^- 

.7  oxygen  p.p.m. 

Oxygen  p.p.m,  (ohservcil  temp,  and  prca-l 

gen  p.p.m.  (observed  temp,  and  prea.)' 


METHODS  FOR  THE  DETERMINATION  OF  SMALL  AMOUNTS 
OF  LEAD,  ZINC,  COPPER  AND  TIN 

Very  frcc|ucntly  a  determination  ia  desired  of  materials  which  are  apt  to  be 
I»fflent  in  water  due  to  the  solvent  action  of  such  water  upon  pipes  and  con- 
diners.  In  most  cases  the  estimates  are  made  by  colorimetric  methods  if  the 
founts  present  are  exceedingly  small.  As  these  determinations  are  made  only 
In  rare  casca  it  socms  advisable  to  summarize,  calling  attention  to  the  fact  tliat 
^11  methods  may  be  found  In  full  in  any  of  the  editions  of  St-andard  Methods  for 
Water  Analysis  gotten  out  by  the  American  Public  Health  Association. 

Where  any  or  all  of  the  metals,  lead,  zinc,  copper  and  iron  are  apt  to  be  present, 
*  large  quantity  (1  to  4  liters)^  of  the  water  is  evaporated.  The  metals  are 
^^panitcd  as  sulpbidca  with  ammonia  and  hydr<^en  sulphide.  The  precipitate 
^f(er  washing  Is  dissolved  In  nitric  acid  and  refiltered  to  remove  suspended 
•*iaUer  and  then  concentrated  with  HiSO(. 

The  lead  is  removed  by  taking  up  the  concentrated  solution  with  50%  alcohol 
ClOO  cc.  to  150  cc),  filtering  and  dissolving  the  precipitate  in  ammonium  acetate, 
'^flcr  which  the  solution  is  made  to  volume  and  divided.  One-half  is  saturated 
"^ith  hydrogen  sulphide  water  to  get  an  approximate  idea  of  the  amount  of  lead 
l^resent.  To  the  other  half  a<id  two  to  three  drops  of  acetic  acid,  then  an  excess 
*>f  hydrogen  sulphide  water  and  compare  the  color  with  standards.  This  gives  lead. 
The  alcohol  is  removed  from  the  filtrate  by  evaporation  and  it  is  then  treated 
^ith  ammonia  to  remove  possible  iron.    The  filtrate  from  the  iron  precipitate 

>Con«cting  for  displacement  for  30O.co.  bottle,  .8N  =  .811N:  tor  275-cc.  bottle, 
-«N-.812N. 

No  correction  for  displacement  affects  result  .1  p.p.m.  oxyKen. 

Twenty-five  cc.  variation  in  capacity  of  bottle  aflfecta  result  .01  p.p.m.  oxygen. 

The  abovo  formula;  are  based  ufon  N/100  thiosulphate,  and  titrating  100  cc. 
Volume.    N— cubic  centimeters  thiosulphate  used. 
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b  neutralized  with  HiSO*,  then  2  cc,  concentrated  H1SO4  and  1  gram  urei 
added.  Copper  is  removed  by  elcctralyzing  (two  hours  with  0.5  ampere  current). 
If  the  deposit  is  material  it  may  be  weighed  as  copper  after  washing  nith  alcohol 
and  drying.  When  the  deposit  is  extremely  small  it  should  be  dissolved  in  nitric 
acid,  evaporated  to  dryness  to  remove  acid  taken  up  in  water,  after  which  polas- 
Bium  sulphide  solution  is  added  and  the  color  compared  with  standards.  This 
gives  copper. 

The  solution  from  the  above  is  nearly  neutraliied  with  ammonia.  It  is  then 
concentrated  and  2  gnuns  potassium  oxalate  and  1.5  grams  potassium  sulphate  are 
added  and  the  zinc  removed  by  dectrolyzing.  (Three  hours  with  8.3  ampere 
current.)     This  gives  xtne. 

Where  copper  only  is  desired  it  is  frequently  sufRciently  satisfactflry  to  con- 
centrate the  water  from  50  cc.  to  75  cc,  after  which  it  is  acidified  with  2  to  5  cc. 
concentrated  HiSO,,  depending  upon  whether  the  water  is  very  alkaline  wilh 
carbonate  of  lime,  etc.,  and  then  the  procedure  for  copper  is  followed.' 

There  is  no  satisfactory  method  for  the  quantitative  determination  of  anal! 
quantities  of  tin.  In  the  above-mentioned  procedure,  however,  in  case  tin  should 
be  present  it  would  be  removed  with  the  ammonia  precipitate  for  the  removal  of 
iron  and  its  presence  may  be  avoided  by  dissolving  the  sulphides  in  the  original 
precipitation  in  HNOi,  in  which  the  tin  would  remain  behind  insoluble. 

HARDNESS 
Total  Hardness 

The  most  accurate  method  for  total  hardness  is  by  calculation  of  the  calcium 
and  magnesium  determined  gravimetrically  as  previously  outlined,  calculating 
the  calcium  as  calcium  carbonate  and  the  magnesium  to  its  calcium  carbonate 
equivalent  in  terms  of  parts  per  million.*  However,  where  only  the  hardness  is 
desired,  gravimetric  methods  are  cumbersome  and  the  following  are  accepted  as 
standard. 

The  standard  method  for  the  determination  of  total  hardness,  as  well  as  tem- 
porary and  permanent,  depends  upon  the  action  of  the  lime  and  magnesia  in 
solution  upon  soap,  the  soap  added  in  a  very  dilute  solution  in  alcohol.  Total 
hardness  represents  the  total  soap  acted  upon  by  the  water  in  its  original  state, 
permanent  hardness  represents  the  total  soap  acted  upon  by  the  water  after  the 
water  in  question  has  been  thoroughly  boiled  and  separated  from  the  suspended 
matter,  and  temporary  hardness  represents  the  difference  between  the  total  hard- 
ness and  the  permanent  hardness,  and  while  it  is  supposed  to  represent  combined 
carbonates  of  lime  and  magnesia,  and  the  permanent  hardness  is  supposed  to 
represent  lime  and  magnesia  in  other  forms  than  carbonate,  this  is  rarely  so  due 
to  the  fact  that  a  certain  material  amount  of  carbonate  of  lime  and  magneaa  ii 
soluble  in  water,  even  in  the  ateence  of  carbon  dioxide  gas.  The  reagents  used 
are  atandard  goap  solution  and  standard  calciurrt  chloride  tolution,  the  latter 
being  made  under  such  conditions  that  1  cc.  of  the  solution  is  equiv^ent  to 
0.2  milligram  of  calcium  carbonate. 

1  Phelps,  Jour.  Amer.  Chem.  Soc,  88,  369,  1006. 
*  C.  BabUDann,  J.  lad.  Eng.  Chem.,  «,  209,  II. 
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Preparation  of  Solutions 

0.2  gram  pure  calcium  carbonate  is  clisaolvGd  in  a  small  amount  of  dilute  HCl, 
taking  pains  to  avoid  any  loss  due  to  effervescence  or  spattering.  Evaporate  the 
aoIutioD  to  dryness  several  times  to  remove  excess  acid.  Dissolve  in  distilled 
water  and  make  up  to  1  liter. 

Standard  soap  soltUion  is  obtained  by  dissolving  approximately  100  grams 
dry  castile  soap  in  1  liter  80%  alcohol.  This  solution  should  stand  several  days. 
For  standardizing,  this  solution  should  be  diluted  with  alcohol  (70%  to  80%), 
until  6.4  cc.  when  added  to  20  cc.  of  standard  calcium  solution  will  produce  a 
permanent  lather.  Usually  less  than  100  cc.  of  the  original  soap  solution  will 
make  1  liter  of  standard  solution. 

For  standardizing,  use  250-cc.  glass-atoppcred  bottle,  add  20  cc.  calcium 
solution  with  30  cc.  distilled  water.  The  soap  solution  should  be  added  from  a 
burette,  approximately  .2  cc.  at  a  time,  after  which  the  bottle  is  shaken  vigorously 
until  the  lather  formed  remains  unbroken  for  five  minutes  after  shaking  and  after 
tLe  bottle  has  been  placed  upon  its  side. 

■n  carbonate   may  be   used  in  place 

Operation.  Fifty  ce.  of  the  water  in  question  arc  measured  into  a  250-cc. 
bottle,  the  soap  solution  added,  approximately  .2  cc.  at  a  time,  and  in  the  same 
manner  as  described  for  the  BtandardiKing  of  said  soap  solution.  The  following 
table,  copied  from  p.  33,  Standard  Methods  of  Water  Analysis,  A.P.H.A.,  1913, 
may  be  used  to  obtain  the  total  hardness  from  the  results  so  noted: 


TABLE  OF  HARDNESS  SHOWING  THE  PARTS  PER  MILLION  OF  CALCIUM 
CARBONATE  (CaCOi)  FOR  EACH  TENTH  OF  A  CUBIC  CENTIMETER 
OF  SOAP  SOLUTION  WHEN  50  CC.  OF  THE  SAMPLE  ARE  USED. 


•U^.t'" 

%° 

0.1 

0.2     1     0.3 

0.4 

cc^ 

V    1    °J 

cc* 

M? 

0-0 
1.0 
2.0 

i'.k 

19.5 

'g.3 

20.8 

7'9 
22,1 

'9.5 

23,4 

Hi 

24  7 

i2;7 

26  0 

i4'3 
27,3 

0,0 
15,6 
28,6 

0,6 
16,9 
29-9 

3,2 
18,2 
31-2 

3.0 
4.0 
5.0 

32.5 

45.7 
60.0 

33.8 
47.1 
61  4 

35.1 

48.6 
62.9 

36.4 
50,0 
64  3 

37,7 
51,4 
65,7 

52^9 
67.1 

40,3 
54,3 
68  6 

41.6 
55,7 
70,0 

42-9 
57.1 
71,4 

44,3 
58.6 
72,9 

fi.O 
7.0 

74  3 

88. 6 

75.7 
90.0 

77,1 
91,4 

78.6 
92.9 

80,0 
94  3 

81,4 
95.7 

82,9 

97,1 

84.3 

85.7 
100,0 

87,1 
101 -S 

It  is  not  desirable  to  use  more  than  7  cc.  of  soap  solution  for  50  ec.  of  the 
Water,  and  when  the  figures  are  higher,  the  water  should  be  diluted  with  distilled 
'Water.     The  reading  in  the  table  corresponding  to  the  cc.  of   soap  solution 

^  '  C.  Blacher,  Chem.  Ztg,,  M,  541 ;  J.  Soc,  Chem.  Ind.,  81,  5.55,  C.  A.,  7,  1394;  C. 
Blacber,  P.  Giuenberg,  M.  Kissa,  Chem.  Ztg.,  87,  56-8,  C.  A.,  7, 1938.  L.  W.  Winkler, 
Z.AnaL  Chem.,  6t,  409-15,  C.  A,,  8,  2912. 
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used  18  then  multiplied  by  the  quotient  — - — '-,    x  cc.  being  equal  to  the  amount 

of  water  taken.  In  making  this  detennination  there  is  frequently  nol«d  a  false 
end-point  sometimes  known  as  the  magnesium  end-point.  |To  avoid  error,  it 
is  advisable,  after  completing  the  titration,  to  read  the  burette,  add  0.5  rt. 
,nore  of  the  soap  solution  and  shake  well.  If  maffnesium  has  been  Rspcui- 
sible  for  the  false  end-point,  after  such  addition  the  lather  trill  again  dis- 
appear, and  titration  should  be  continued  until  a  new  and  true  end-point 
is  reached.  It  is  advisable  to  determine  the  strength  of  the  soap  solutioD 
from  time  to  time,  as  it  is  very  prone  to  change  upon  standing.  Results 
should  be  recorded  in  terms  of  calcium  carbonate,  parts  per  million.  There 
are  various  other  means  of  reporting.  The  English  degree  frequently  noted 
as  Clark  degree,  represents  grains  calcium  carbonate  per  Imperial  gallon  and 
should  be  multiplied  by  14.3  to  give  part«  per  million.  Conversely,  the  result 
obtained  in  parts  per  million  divided  by  14.3  will  give  Clark,  or  English  degrees. 
French  degrees  represent  parts  per  100,000  calcium  carbonate  and  should  be 
multiplied  by  10  to  give  parts  per  million.  Conversely,  di\ision  of  the  result 
obtained  above  by  10  will  give  French  degrees.  German  degrees  represent  psrij 
per  100,000  calcium  oxide  and  should  be  multiplied  by  17.8  to  give  parts  per  - 
million  calcium  carbonate.  The  determination  of  hardness  is  not  reliable  ou 
account  of  the  varying  action  of  calcium  and  magne^um  salts,  and  should  ne^'c^ 
be  resorted  to  when  possible  to  determine  these  bases  direct. 


For  permanent  hardness  the  standard  soap  solution  is  used  as  above  stated. 
The  water,  however,  is  boiled  gently  for  one-half  hour,  allowed  to  cool,  made  to 
volume  with  boiled  and  cooled  distilled  water  and  filtered,  after  whicli  the  above 
method  is  used.  The  difference  between  total  hardness  and  permanent  hardness 
is  supposed  to  represent  temporary  hardness.  The  alkalinity  determination  given 
on  a  previous  page  is  a  much  more  accurate  method  of  determining  temporan- 
hardness,  however,  and  is  also  much  more  eanly  carried  out.  When  total  hard- 
ness and  alkalinity  are  determined,  permanent  hardness  would  be  the  difference 
between  these  two  tigutee.  For  comparative  use  as  against  total  and  perma- 
nent hardness  determined  as  such,  the  results  would  be  much  different,  as  the 
alkalinity  determination  of  alt  the  carbonates  would  give  a  permanent  hardness 
representing  absolutely  non-carbonat«  hardness;  whereas  the  det^-rmined  per- 
manent hardness  would  contain  a  material  amount  of  combined  carlwnates  of 
lime  and  magnesia.  The  American  Public  Health  Association,  Committee  on 
Standard  Method  of  Water  Analysis,  recommend  that  the  determination  of  per- 
manent hardness  by  the  soap  solution  be  discontinued  in  connection  with  softening 
process,  as  it  is  so  unsatisfactory  in  general  practice. 

Magnesium  Chloride 

Frequently,  when  hypothetical  combinations  ore  used  it  is  desired  to  check 
up  these  calculatrd  combinations  by  some  chemical  method.  Magnesium  chloride 
is  frequently  produced  in  the  course  of  hypothetical  combinations  and  its  presence 
is  as  frequently  a  source  of  much  trouble  in  the  determination  of  a  mineral  residue, 
owing  to  the  ease  with  which  it  dcconiiioscs  or  carbonates.    A  method  issu^ested 
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wbeieby  a  second  50  cc.  portion  similar  to  the  total  mineral  imdue  is  exactly 
neutralized  with  suiGcient  HiSOt,  the  amount  to  use  being  calculated  from  the 
total  alkalinity  obtained  elsewhere.  The  solution  is  allowed  to  go  to  complete 
dryness,  is  baked  at  a  temperature  of  280°  F.  to  300°  F.,  and  after  being  cooled 
the  chlorine  is  titrated.  The  difference  between  the  chlorine  thus  determined 
and  the  total  chlorine  previously  determined  represents  chlorine  lost  by  volatil- 
uation  as  magnesium  chloride.  In  the  absence  of  organic  matter  this  method 
is  approximately  accurate.  Where  organic  matter  or  other  reducing  material  is 
present,  however,  the  results  are  not  so  satisfactory. 

Calcium  Sulphate 

In  a  similar  manner  it  is  frequently  desired  to  know  whether  or  not  a  water 
would  contain  caicium  sulphate,  and  a  method  of  comparative  satisfaction  depends 
upon  the  evaporation  of  250  cc.  to  600  cc.  of  the  original  water  to  dryness.  After 
cooling,  10  cc.  of  distilled  water  are  added  and  the  mineral  matter  loosened  from 
the  sides  of  the  dish  and  partially  dissolved.  Ten  cc.  of  95%  alcohol  are  then 
added  and  100  cc.  of  50%  alcohol.  After  thorough  stirring  and  solution  this 
material  is  filtered,  the  precipitate  washed  with  50%  alcohol  and  the  filtrate  made 
to  volume,  divided  and  tested  for  calcium  and  sulphates  in  the  usual  manner. 
The  method  is  only  approximate. 


LrME  AND  SODA  VALUED 

Two  very  simple  methods  have  been  devised  for  the  rapid  estimation  of  the 
amount  of  lime  and  soda-ash  necessary  for  softening,  when  water  treatment  is 
considered  from  the  outside  softening-plant  point  of  view. 

Value  for  Lime 

Reagent:  Saturakd  lime  waUr  (strength  to  be  known  for  each  series  of 
detenuinations).     N /W  hydroehloric  acid. 

pToceas.  Take  200  cc.  of  the  water  in  question;  add  50  cc.  saturated  lime- 
water  solution  in  250-cc.  volumetric  flask  and  heat  to  boiling.  Allow  to  cool. 
Fill  to  the  260-cc.  mark  with  watt:r  to  replace  that  lost  by  evaporation;  filter 
through  a  dry-folded  filter  and  titrate  200  cc.  of  the  filtrate  with  N/10  acid,  using 
methyl  orange  as  an  indicator. 

For  calculation,  let  "a"  equal  number  of  cc.  N/10  calcium  oxide  in  50  cc. 
the  lime  water,  as  determined:  and  let  "  b  "  equal  the  number  cc.  N/10  hydro- 
chloric acid  used  in  determination. 

(4a— 5b)X3.51  CaO  will  give  milligrams  of  lime  per  liter  required  to  soften 
the  water  tested. 

Value  for  Soda 

To  the  neutralized  200  cc.  from  above  titration,  add  20  cc.  N/10  sodium 
carbonate.  Heat  to  boiling.  Transfer  with  COi  free  distilled  water  into  a  250- 
cc.  flask  to  make  up  to  mark  with  washings  from  the  dish;  mix  thoroughly  and 
filter,  collecting  200  cc.  of  the  filtrate  in  a  beaker.     Titrate   with  N/10  hydro- 

I  Drawc,  Zeit.  f.  Angcw.  Cheiii-,  2S,  62,  1910. 
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chloric  add  for  the  excess  alkali.    Dedgnatc  the  number  of  cc.  in  this  titration 
by  "  c." 

Formula:  (20-b-Jc)X33.13  Na,COi=miUigramB  of  soda  per  liter  necesary 
to  soften  water  in  question. 

Note.  Both  formuls  are  based  upon  C.  P.  chemicals,  and  corrections  miut  be 
made  for  the  value  of  the  commercial  materials  in  use.  These  methods  are  valuably 
though  for  actual  practice  it  is  advisable  to  try  out  on  a  liter  of  water  in  questtoo, 
using  the  calculated  amounts  of  lime  and  soda  tix  experimental  purpoaee. 

METHODS  OF  REPORTINQ  AND  INTERPRETATION 

The  manner  of  reporting  the  results  of  a  mineral  analysis  of  any  water  calls 
for  as  much  thought  and  uniformity  as  the  methods  of  analysis  themselves,  and 
in  this  department  there  is  much  less  uniformity  than  in  the  case  of  analytical 
methods.  Undoubtedly,  the  ideal  method  of  reporting  is  that  which  gives  tesulta 
in  lonio  form  (positive  and  negative  radicals),  in  terms  of  parte  per  million  or 
gr^ns  per  gallon.  The  latt«r  term  is  purely  American  and  would  have  to  be 
converted  for  comparison  with  results  obtained  in  almost  any  foreign  country. 
Parts  per  million,  though  newer  and  still  unfamiliar  to  all  but  profesaioual  and 
scientific  men,  is  gaining  gradually  a  strong  foothold,  and  the  consideration  of 
this  terminology  with  the  Ionic  form  of  reporting  will  be  considered  prior  to  the 
discUBsion  of  hypothetical  combination  and  grains  per  gallon. 

Mr.  Herman  Stabler,'  and  R.  B.  Dote,'  of  the  United  States  Oologicsl 
Survey,  have  devised  and  simplified  certain  calculations  and  formulas,  which 
greatly  assist  in  the  interpretation,  comparison,  and  classification  of  waters  for 
Industrial  and  Irrigation' purposes.  Fonnulas  with  reference  to  dissolved  solids 
will  be  the  only  ones  discussed  here.    The  following  table  gives  reaction  coefficients: 


CMSdiBnW. 

N«t.tiv.  R>dl«l*. 

CoHBa*DU- 

0.0358 
.1107 
.0499 
.0822 
.0435 
.0256 
.902 

Calcium  <Ca) 

Bicarbonate  (HCOJ 

.0164 

Sodium  (Na) 

Using  the  above  table,  the  parts  per  million  of  each  radical  multipUed  by  its 
reacting  coefficient  will  give  its  reacting  value,  and  in  the  formulas  which  follow 
this  will  be  indicated  by  "  r  "  prefixed  to  the  chemical  symbol  of  the  radical. 

For  checking  the  accuracy  of  the  analysis,  the  sum  of  the  positive  reacting 
values  should  equal  the  sum  of  the  n^ative  reacting  values,  and  the  fortnuls, 
rNeg. 


100- 


-  =E,  the  percentage  error  of  the  analysis.    The  value  of  tl 


r.  Pos.+r  Neg. 

error  should  never  exceed  5  for  waters  of  100  p.p.m.  or  more  dissolved  soUds,  and 
should  be  2  or  less. 

>  Eng.  News,  SO,  355,  1909. 

'  Water  Supply  Paper  No.  274,  p.  165,  Water  Supply  Paper  No.  254,  J.  Ind.  Hid 
Eng.  Chem.,  6,  (1914],  No.  7,  p.  710. 
•  U.  S.  G.  S.  W.  S.  Paper,  274,  p.  177. 
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In  ordinary  analyris,  silica,  iron  and  aluminum  are  present  in  such  small  quan- 
tities that  they  may,  for  simplicity's  sake,  be  ignored.  The  foUowmg  formulas 
•re  ^ven  vithout  comment,  as  full  details  can  be  found  in  Water  Supply  Paper 
N&274. 

Water  Softening 

Ft»  looo  Gals.  Water.    Pounds  lime  (90%  CaO)  required 

-0.26{rFe+rAH-rMg+rH+rHCO,+.0454CO,). 

Pounds  soda  ash  (95%  Na,CO.)  required 

-0.465(rFe-|-rAl+rCa+rMg+rH-rCO,-rHCO,), 

Note.  Dr.  Hale  states  the  following.  loatead  of  the  extended  fonnultc  of  the 
IiMuc  system,  1  much  prefer  my  simple  formuke. 

(AlkBlinityX.44+freeCOi)X.0106     -Iba.  CaO  per  1000  gala,  feed  water. 
Abo  (Total  hardness -total  lime)X.0O47=lbs.  CaO  per  1000  gals,  feed  water, 
or  total  magnesia  as  CeCOi. 
(Total  hardneas-alkaIinity)X.OOft    -Ibn.  NitjCOiper  1000  gals.  feed. water. 
Expressed  as  CaCOi. 

Foaming  and  Priming 

Foaming  coefBcient  P  =1.1  Na. 

Taking  into  consideration  the  various  boilers  and  the  action  of  various  watera 
in  practice,  the  following  approximate  classification  of  waters  for  foaming  con- 
ditions is  of  value; 

Non-foaming,   F  =60  or  less. 
Semi-foaming,  F- 60-200. 
Foaming,  F -200  or  more. 

Corrosion 

far  Add  TFofers 
CoeflBdentofcorrodonC  =  1.008(rH-J-rAl-|-rFe-|-rMg-rCO,-rHCO»). 

For  AVuHiw  Waiert 

C=rMg-rHCO,. 

If  C  is  positive,  water  will  corrode. 

If  C-|~-0503  Ca  is  negative,  water  will  not  corrode  oil  account  of  the  mineral 
materials  in  the  water. 

If  C  is  negative,  but  C  —  .0503  Ca  is  positive,  the  water  may  or  may  not  corrode. 

Scale 

SiO,4-2.95  Ca 4-1.60  Mg  =Hcale  p.pjn., 
or 

>  (.00833  Sm+.00833  Cm-)- .3  rFe-|-.142  rAl)+.168  rMg+.492  rCa 

-■scale  lbs.  per  1000  gallons. 
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There  are  also  formulas  given  in  the  above-mentioned  Bulletin  on  soap  rast, 
lime,  soda,  soda  ash,  cost  hard  scale  (pounds  per  1000  gallons)  and  a  har^iwa; 
ooeffidfiut  of  tbe  scale  formation. 

Irrigating  Waters 

Alkali  Coefficient 
(a)  When  Na-.65  CI  is  zero  or  negative. 
2040 
~  Ci  * 
(6)  WhenNa-.eSClispositive,  but  not  greater  than  .48  SO*, 

Alkali  coefBcient,  \  =  ^ — -„„;t,. 

r\a-|-2.R  CI 

(c)  When  Na  -  .65  CI  -  .48  SO.  is  positive, 
Alkali  coefficient,  k=^  - 


Na-.32C1-.43S04' 
Classirication  on  basis  of  alkali  coefficient: 


Alkali  ««fficL=nt, 

C1»M. 

R™«k.. 

More  than  18... 

Good... 

Fair.... 

Poor . . 
Dad. .  .  . 

Have  been  used  succosafully  for  many  years  nithoiit  special 
care  to  prevent  alkali  accumulation. 

5.9  to  1.2 

Less  than  1.2... 

Renerally  been  found  necessary  except  on  loose  soils  widi 

free  draina^. 
Care  in  selection  of  soils  has  been  found  to  be  imperative  ani 

artificial  dnuiuiKe  has  frequently  been  found  necessary. 
Practically  valueless  for  irrigation. 

Hypothetical  Combinations 

The  use  of  hypothetical  combinations  in  the  reporting  of  a  mineral  vat^  is 
frequently  of  value,  in  that  it  gives  a  more  rapid  way  of  placing  in  simpler  terms 
the  principal  materials  present  In  the  water.  It  should  never  be  assumed  from 
the  hypothetical  combinations  that  the  materials  so  reported  are  present  in  the 
water  in  that  particular  form,  but  it  is  assumed  by  most,  that  the  form  in  which 
such  materials  are  reported  will  represent  the  condition  in  which  those  material! 
will  combine  when  the  water  is  subjected  to  increased  pressure  and  increased 
temperature.  In  other  words,  the  hypothetical  combinations  most  generally  in 
use  represent  the  way  materials  will  appear  when  combined,  due  to  the  law  of 
mass  action  undfer  steam-boiler  conditions. 

For  such  purpose  the  method  which  takes  care  of  the  insoluble  materials  or 
materials  leaving  the  water  first  is  the  most  common  method  in  use.  This 
method  combines  as  follows:  \\here  the  sum  of  the  sulphate  and  carbonate  radicals 
exceeds  that  of  bme  and  magnesia  as  bases,  the  magnesia  is  first  calculated  to 
carbonate,  the  remaining  carbonate  is  combined  with  lime,  the  remaining  ]itat 
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with  sulphate  and  the  Temaining  sulphate  with  sodium.  This  also  takes  care 
of  the  general  condition  where  the  carbonates  alone  are  in  excess  of  the  com- 
bined carbonates  of  lime  and  magnesium,  in  which  case  the  remaining  carbonate 
naturally  would  be  calculated  to  sodium  and  all  the  sulphate,  as  well  as  chloride, 
also,  calculated  to  sodium.  Where,  however,  the  sum  of  the  bases  is  greater 
tlmn  the  sum  of  the  carbonate  and  the  sulphate  radicals,  two  possible  conditions 
or  combinations  exist.  Where  magnesium  chloride  is  present  in  the  water,  the 
sum  of  the  acids  calculated  to  the  soda  radical  should  be  greater  than  the  total 
mineral  residue.  Partially  decompiosed  magnesium  chloride  ia  indicated  in  this 
way,  also  the  fact  that  magnesium  chloride  has  a  lower  molecular  weight  than 
sodium  chloride,  which  condition  would  be  indicated  in  such  a  comparison.  When 
this  case  exists,  the  sulphate  is  first  calculated  to  calcium,  the  remaining  calcium 
to  carbonate,  the  remaining  carbonate  to  magnesium,  the  remaining  magnesium 
to  chloride,  the  remaining  chloride  to  sodium.  Where  the  total  mineral  residue 
is  greater  than  the  sum  of  the  acids  and  where  nitrates  are  present,  we  then  have 
nitrate  of  lime,  which  is  assumed  the  commoner  form  than  nitrate  of  magnesium, 
and  the  calculations  are  as  follows:  Ail  the  sulphate  is  calculated  to  lime,  all  the 
magnesium  to  carbonate,  the  remaining  carbonate  to  lime,  the  remaining  lime  1o 
mtrate,  the  remuning  nitrate  to  sodium,  and  all  the  chlorides  to  sodium.  Id  acid 
waters  naturally  the  lime  and  magnesia,  as  well  as  the  iron  and  aluminum,  are 
calculated  to  the  acid  present  in  the  greattrt  excess.  These  methods  of  calculation 
will  pve  certain  materials  frequently  found  in  scale  formation  and  materials 
frequently  supposed  to  cause  certain  characteristic  troubles  in  either  steam  or 
domestic  usage.  It  is  passible  in  a  purely  qualitative  way  to  judge  or  interpret 
the  water  on  the  basis  of  the  lime  and  magnesium  salts,  for  incrustation,  and  of 
the  alkali  salts  For  other  troubles  in  boiler  practice,  also  from  the  standpoint  of 
irrigation,  the  various  forms  of  the  alkali  salts  as  black  and  white  alkali,  without 
the  necessity  to  use  the  formulas  already  considered. 

Field  Assay  of  Water 

Mr.  n.  B.  Dole  has  pubhshed  m  Water  Supply  Paper  No.  151,  of  the  V.  S. 
Gpolopcal  Survey,  field  methods  for  the  assay  of  water  in  which  tableto  of  known 
value  arc  used  for  the  determination  of  chlorides,  carbonates,  sulphates  and  iron. 
In  this  type  of  assay,  a  given  amount  of  the  water  is  taken  and  tablets  are  added  to 
the  water  until  certain  definite  reactions  take  place,  when  the  number  of  tablets 
lued  is  estimated  and  an  approximate  value  obtained.  The  error  in  such  work 
varies  from  3  to  15  per  cent,  but  the  results  of  the  test  give  valuable,  if  net 
accurate,  information. 

The  author  is  indebted  to  Dr.  F.  E,  Hale,  Director  of  Laboratories  Depart- 
ment of  Water  Supply,  New  York  City,  for  a  careful  review  of  this  chapter,  and 
for  valuable  suggestions. 
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THE  MICROSCOPICAL  EXAMINATION  OF  WATER  SUPPLY 

Importance  of  the  Determination 

From  the  standpoint  of  palatabilUy  and  of  the  aesthetic  character  of  wite 
supply  there  is  no  more  important  examination  than  the  microBcopical  analyss. 
This  examination  discloses  and  measures  the  minute  animal  and  plant  lil* 
that  is  present  in  all  surface  waters  and  in  some  well  waters. 

Large  amounts  cause  an  unsightly  turbidity  and  even  relatively  snull 
quantities  frequently  cause  complaint  because  of  a  scum  produced  when  bith 
tubs  are  filled  with  hot  water  or  of  a  stain  left  upon  the  sides  of  the  white 
porcelain.  The  water  of  swimming  pools,  if  unfiltered,  may  be  unsightlj- 
Industrial  enterprises  may  be  affected,  for  example  the  staining  of  clothes  io 
laundries  and  interference  with  the  manufacture  of  correct  colors  by  dye 
manufacturers  and  with  the  dyeing  of  goods  by  the  dyers.  Photography  maj 
also  be  influenced. 

The  presence  of  certain  types  of  microscopic  organisms  frequently  serves 
to  identify  the  source  of  a  water,  or  indicate  from  what  particular  reservoir » 
supply  may  be  drawn.  In  the  ease  of  New  York  City  which  serves  to  certain 
districts  of  Manhattan  Borough  water  from  the  Croton  supply,  to  other  s«- 
tions  water  from  the  Catskill  supply  and  mixtures  to  others,  the  supply  in  snj 
one  section  may  be  identified  by  the  organisms  as  Catskill,  Croton  or  a 
mixture.  Again  samples  from  cellars,  excavations  and  conduits  are  frequently 
analyzed  to  determine  whether  the  source  is  city  water,  sewage,  or  ground 
water.  If  microscopic  organisms  are  present  city  water  or  sewage  must  " 
responsible  and  the  chemical  analysis  and  odor  usually  eliminate  or  indica^ 
sewage.  The  contamination  of  a  well  supply  by  surface  waters  may  be  il**" 
cated  by  the  presence  of  microscopic  organisms. 

The  amounts  of  microscopic  organisms  bear  a  direct  relationship  to  *| 
various  forms  of  nitrogen  determined  in  the  chemical  analysis  and  frequeC*^' 
explain  changes  in  these  determinations.*  As  these  growths  increase  *^ 
ammonia  and  nitrate  decrease  and  albuminoid  ammonia  increases  and  as  '* 
growths  decrease  the  reverse  relationship  holds. 

The  operation  of  filter  plants,  particularly  the  mechanical  type,   is  ™'^i 
interfered  with  by  heavy  growths  of  microscopic  organisms,  the  network  of 
latter   interfering   with    the   gelatinous  formation   of    aluminum   hydrate 
mechanical  filters  and  the  bacterial  jelly  of  slow  sand  filters,  although  certS^ 
types  of  the  diatoms  may  assist  in  the  latter  case. 

'  Director  of  Laboratories,  Water  Supply,  Gas  and  Electricity,  New  York  CSty— — 
'"The  Signifipanre  of  NitroRen  in  its  Varioua  Forms  in  Water  Supply."    F    — 
Hale,  Proc.  Am.  W.  W.  Assoc,  1908,  page  323-327. 
U42 
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By  far  the  most  important  reaBon  for  determiniog  microscopic  organisms 
IB  their  connection  with  disagreeable,  sometimes  vile,  tastes  and  odors  in  water 
supply.  Those  so-called  littoral  growthfi,  which  are  attached  to  the  banks  or 
bottoms  of  reservoirs,  and  which  attract  the  quickest  attention  are  not  con- 
ceraed  as  a  rule.  The  trouble  is  caused  by  minute  floating  forms,  which  manu- 
facture essential  oils  or  perfumes  hke  those  of  flowers.  Exceedingly  minute 
amounts  produce  pleasant  aromatic  geranium  or  grassy  odors  which  become 
fishy,  oily,  pungent  or  vile  in  larger  amounts  or  upon  decay  of  the  plant  growths. 
Particular  species  may  frequently  be  identified  by  the  odor  by  those  who  are 
trained. 

Three  groups  of  odors  are  distinguished: 

Aromatic  (geranium)  caused  by  Diatomaceae. 

Grassy  caused  by  Cyanophyceae. 

Fishy  caused  by  Chlorophyceae  and  a  few  Protozoa. 

The  following  table  as  given  by  Whipple  in  "The  Microscopy  of  Drinking 
Water"  contains  those  organiBms  which  have  been  at  one  time  or  another  In 
sufficient  quantity  in  a  water  supply  to  produce  characteristic  odors. 

arooR  OrmtOD  Nstiuml  Odor 

Aromatic  Odor Katomaceae: 

Atterumdla Aromatic-geranium-fishy. 

CiHstoirffa Faintly  aromatic. 

Dialoma F^ntly  aromatic. 

Meridion Aromatic. 

Tabellaria Aromatic. 

ProtoEoa: 

Cryvlomontu Candied  violets. 

MaUomonat Aromatic- violetS'&shy. 

Gmwy  Odor Cyanophyceae: 

Awtbaena Grassy  and  moldy,  green-corn,  nasturtiums, 

RwuUtria Grassy  and  moldy. 

Clathroct/glM Sweet,  greasy. 

Codatphaerium Sweet,  grassy. 

AphanKomenon . . .  .Grassy. 

FiahyOdor Chlorophyceae: 

Vobiox Fishy. 

Bwkrina Faintly  fishy. 

Pandorina Faintly  fishy, 

Didyospiiaenunt.. .  .FMntly  fishy. 
I^tozoa: 

Vroglena Fishy  and  oily. 

Sgnura Ripe  Cucumber,  bitter  and  spicy  taste. 

Dinobryon Fishy,  like  rockweed. 

Bvraaria Irish  moas-Balt  marHh-fieby. 

Peridinium Fishy,  like  clam-Bhella. 

Ghnodirdum Fishy. 

In  New  York  City's  supply,  despite  the  diversity  of  its  sources,  the  only 
organisms  which  have  given  offense  from  odors  have  been  AsterioneUa,  T(Aet' 
land,  Anabaena,  Aphanizomenon  (with  admixtures  of  ClalkrocyHia,  Microcyitis, 
and  Coelospkaerium),  Uroglena,  Synura,  and  Dinobryon. 

Atterionella,  when  present  in  500  to  1000  standard  units  per  cubic  centi- 
meter produces  a  slightly  aromatic  odor.  At  1000  units,  .rarely  less,  the  odor 
is  distinctly  similar  to  the  odor  of  the  geranium.  Tlieodor  increases  in  in- 
teosity  with  increase  in  numbers  until  several  thousand  produce  a  Gshy  odor. 
The  fishy  cxlor  is  also  produced  when  smaller  quantities  die. 
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fabeUana,  and  similarly  AiieridneUa,  in  very  small  amounts  producct  if 
earthy  odor  (also  produced  by  large  amounts  of  Synedra),  passing  thrmgh  | 
the  aromatic,  geranium  and  fiehy  etages  with  about  the  same  relative  qoir 
titiea  of  organisms  as  Asterionel^.  At  times  the  odor  of  TaMlaria  ha>  nt 
gested  illuminating  gas,  no  other  organisms  being  present.  In  the  spring  d 
1919  extensive  complaints  of  fishy  taste  in  the  Catskill  supply  were  occuirad 
in  New  York  City  by  only  700  units  of  Tabellaria.  This  was  the  resnlE  d 
intensification  of  odor  by  chlorination  with  liquid  chlorine  at  Kensico  resmnr. 
The  odor  was  not  noticeable  in  the  water  above  the  chlorinatioo  {dant  but 
appeared  first  just  below  the  plant. 

Anabaena  and  Aphanizomenon,  when  present  in  500  to  1000  units,  produce  i 
faintly  grassy  odor  like  freshly-cut  grass.  With  larger  numbers  the  odoi 
becomes  pungent  like  na.sturt!um,  or  even  onions.  In  large  numbers,  « 
when  decaying,  the  odor  is  of  vile,  pigpen  character.  In  the  spring  of  191S 
fromSOO  toSOOunitsof  ^pftanijomerwnin  the  Croton  supply  (rf  New  York  Citj 
caused  numerous  complaints  of  an  oily  brown  scum  when  bath  tubs  were 
filled  with  hot  water.  These  complaints  came  chiefly  from  high  class  apart- 
ment houses. 

Uroglena  produces  an  oily  fishy  taste  and  odor,  first  noticeable  in  probably 
500  to  1000  units.  In  larger  quantities  it  U  very  disagreeable.  The  flavor  is 
that  of  cod-liver  oil. 

Synura  has  caused  trouble  in  as  small  amount  as  300  uiuts.     The  odcH  b    { 
variously  described  as  like  cucumber,  muskmellon,  etc.     It  leaves  a  Utter 
after-taste. 

Troublesome  organisma  occur  chiefly  in  surface  waters.  Occasionally  "" 
waters  containing  iron  or  manganese  cause  trouble  from  growths  of  Crenothrii 
and  associated  forms  which  clog  pipes  and  cause  an  unsightly  turbid  discolored 
water.     Well  strainers  become  clogged  so  as  to  prevent  proper  yield  of  water. 

Microscopic  organisms  apparently  do  not  affect  the  health.  Possibly  the 
taste  and  odor  at  times  produce  nausea  or  distaste  for  food.  It  would  take 
12,000  units  of  Asterionella  per  cubic  centimeter  to  add  a  milligram  of  stdid 
matter  to  a  glass  of  water. 

Sampling  for  Anal^'sis 

In  sampling  water  for  microscopical  analysis  precautions  should  be  taken 
that  the  sample  be  representative  and  fresh.  Water  from  a  tap  should  be 
allowed  to  run  to  avoid  heated  stagnant  water.  Samples  from  a  pond  or 
reservoir  should  not  contain  surface  scum  nor  littoral  growths.  Deep  sampler 
are  best  taken  by  the  method  usually  employed  for  dissolved  oxygen  samplei- 
A  quart  bottle  is  fastened  by  clamps  to  the  side  of  a  two-quart  bottle  in  a  wat« 
sampler.  The  bottles  are  fitted  with  two-hole  rubber  stoppers.  Glass  tubing 
is  arranged  as  follows:  A  straight  tube,  projecting  slightly  above  the  stopper, 
extends  to  the  bottom  of  the  quart  bottle,  A  bent  tube  is  made  flush  with  Ihe 
underside  of  the  same  stopper  and  connected  by  a  short  piece  of  stiff  rubber 
tubing  to  a  bent  glass  tube  extending  through  the  stopper  of  the  two-qdart 
bottle  to  its  bottom.  A  straight  tube,  flush  with  the  underside  of  the  stoppef 
of  the  two-quart  bottle,  extends  above  the  stopper  from  eight  to  ten  inches  in 
order  to  make  a  difference  of  head  between  the  inlet  and  outlet  tubes.  The 
bottles  are  lowered  quickly  to  the  required  depth  by  a  marked  and  meaairM 
rope.     Watch  is  kept  for  bubbles  of  air  which  rise  to  the  surface  of  the  irat^> 
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sometimes  several  feet  away,  until  bubbling  ceases,  which  usually  takes  two 
minutes.  Both  bottles  must  be  completely  filled  before  raising,  otherwise  the 
sample  may  be  from  some  other  depth  than  that  desired.  Thewater  enters 
the  small  bottle  first  and,  as  it  only  takes  one  half  minute  to  lower  the  apparatus 
to  the  desired  depth  and  two  minutes  for  both  bottles  to  fill,  the  smaller  bottle 
is  filled  with  the  laat  water  to  enter  which  is  from  the  desired  depth.  If  the 
large  bottle  were  not  completely  filled,  the  bottles  would  be  filling  while  being 
drawn  up  and  the  water  of  the  small  bottle  would  represent  some  unknown 
depth. 

Sedgwick-Rafter  Method  of  Examination 
Apparatns  Required 

A  microscope  (not  necessarily  hiRh  priced). 
Evepiecefl— One  inch  (25  mm.)  and  one  half  inch  (12  mm.). 
Oojective — Two  thirds  inch  (16  mm.)  and  one  sixth  inch  (4  mm.). 
Ocular  roicromeler — Fitted  to  one-inch  eyeiiicce. 

ThiB  is  ruled  with  a  square  of  such  size  that  used  with  a  one-inch  eyepiece  and 
two-thirds  inch  objective  the  tube  length  of  microscope  may  be  adjusted  so  that 
the  area  viewed  on  the  stage  will  be  one  square  millimeter.  Thetube  length  ia 
adjusted  by  making  the  square  in  the  eyepiece  coincide  with  a  stage  micrometer. 
The  large  square  is  usually  divided  into  quarters,  one  quarter  into  25  small  squares 
and  one  of  the  tatter  into  25  liny  squares;  each  of  the  last  represents  a  unit  of 
measurement,  400  square  microns  (20  microns  to  the  side).  A  micron  equals 
.001  mm. 

A  stage  micrometer — graduated  usually  to  tenths  oF  a  millimeter. 

Sedgwick-Rafter  Counting  Cell — a  thick  slide  to  which  is  cemented  a  braas  rim  with 
internal  dimensions  of  length  50  mm.,  width  20  mm.,  and  depth  1  mm.  It  has 
an  area  of  1,000  square  millimeters  and  a  capacity  of  1  cubic  centimeter.  Its 
depth  only  must  be  exact.     Several  should  be  provided. 

Tliin  cover  ^Mses,  85  mm.  by  25  mm.,  to  use  as  covers  Eor  the  cells. 

One  cubic  centimeter  pipettes  (regular  bacteria  pipettes  will  do). 

five  cubic  centimeter  pipettes,  vmumetric. 

A  small  glass  jar  of  distilled  water — for  rinsinR  cells  and  coverglasaes. 

lintless  cloth  or  handkerchiefs — for  drying  ceUs  and  coverglasses. 

One-inch  test  tubes  of  heavy  glass  (bactena  dilution  tubes). 

Five-eighths-inch  test  tubes  of  heavy  glass  (bacteria  media  tubes). 

Sedgwick-Rafter  funnels.  These  are  cyhndiical,  2-inch  diameter,  sloping  toward  the 
bottom  to  a  neck  of  i-inch  diameter.  The  distance  from  top  to  slope  is  0  inches, 
length  of  slope  3  inches,  length  to  bottom  H  inches. 

A  BTnall  glass  jar  of  distilled  water — to  furnish  witer  for  concentrates. 

I^rforat«l  rubber  stoppers — to  fit  one  half  inch  tube  of  funnel. 

Silk  bolting  cloth  No.  20. 

Steel  punch — to  make  1"  diameter  discs  of  bolting  cloth  for  rubber  stoppers, 

nikite  sand,  60  to  120  mesh,  i.e.,  passing  a  sieve  of  60  mesh  to  the  inch  and  retained  on 
120  mesh  (Bericshire  sand  or  ground  quartx). 

iBupport  for  battery  of  funnels. 

A  small  wooden  mustard  spoon — to  measure  sand. 

Volumetric  flasks,  200  cc.  capacity. 

Test-tube  racks. 

Record  books  designed  Cor  microscopic  examinations. 

For  field  work,  which  is  sometimes  of  importance  due  to  destruction  of  organisms 
in  transit,  a  foldmg  roicroecope  and  a  metal  sling  filter  are  useful  but  not  necessary. 

Procedore.  The  actual  procedure  of  examination  is  simple.  Familiarity 
with  the  various  species  is  essential.  In  the  limited  space  of  this  chapter  it  is 
impossible,  to  picture  the  thousands  of  forms  that  exist.  The  best  working 
book,  containing  also  plates,  is  "The  Microscopy  of  Drinking  Water"  by 
George  C.  Whipple.  References  to  other  books  showing  plates  will  be  found 
at  the  end  of  the  chapter. 
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Moisten  the  small  end  of  rubber  stopper  with  water  bo  as  to  easily  pick  up  % 
disc  of  silk  bolting  cloth  from  the  table  and  insert  tightly  into  the  funiieL 
Fill  the  muslard  spoon  with  prepared  sand  and  drop  into  funnel  makiiig  ow- 
half  inch  layer.  Pour  in  200  cc.  of  the  water  to  be  examined  from  a  fluk  ud 
allow  to  filter,  thus  concentrating  the  organisms  upon  the  sand.  Do  not 
allow  the  sand  to  stand  until  drained  dry.  Slight  suction  may  be  canMj 
applied  to  clogged  filters.  Remove  funnel,  hold  in  a  slanting  position  utd 
carefully  remove  stopper  and  insert  the  end  of  funnel  into  a  one-inch  test  tube. 
Wash  sand  and  contents  into  the  test  tube  by  5  cc.  of  distilled  water,  ninning 
the  latter  quickly  around  the  sides  of  the  funnel.  Shake  water  and  ssnd, 
settle  a  few  momenta  and  decant  liquid  into  the  smaller  (f  inch)  test  tube. 
A  rack  of  these  concentrates  may  be  prepared  at  one  time  for  examination. 
Rinse  three  or  four  Sedgwick- Rafter  cells  and  coverglasses  in  distilled  m.ta 
and  carefully  dry  with  lintless  cloth.  Place  coverglasses  slantingly  ncroB 
cell  so  as  to  leave  air  space  at  diagonally  opposite  ends.  Run  1  cc.  of  conteii- 
trate  into  one  corner  of  cell,  air  leaving  at  the  opposite  corner,  and  elide  cover- 
glass  into  position  to  close  cell.  Allow  cells  to  stand  at  least  five  minutes  before 
examining  so  that  organisniB  will  have  an  opportunity  to  settle  complelelTj 
as  most  of  them  will.  This  step  is  very  important.  While  examination  ii 
being  made  of  one  cell,  others  will  be  settling.  Thus  at  least  three  should  be 
kept  going  in  rotation  when  many  samples  are  to  be  examined. 

Examine  under  the  microscope  with  one-inch  ocular  containing  micrometer 
and  f-inch  objective  and  proper  tube  length  as  previously  determined.  Esti- 
mate the  number  of  standard  units  of  each  organism  present  in  an  entire  field 
within  the  large  square  of  the  eyepiece  and  note  on  record  sheet.  Area  only 
is  taken  into  account.  Forms  like  Aslerionflla,  Diatoma,  Si/nedra,  TabtUar^i^ 
may  be  counted  and  multiplied  by  a  factor  to  get  the  number  of  units— thus 
each  arm  of  Aslcrio'iella  may  be  estimated  as  equal  to  one  half  unit.  Kla-  i 
mentouH  forms  like  Melosira,  Anabaena,  Apkanizomenon,  OKtUaria  may  ^  j 
counted  in  lengths  of  five  units  (one-tenth  of  side  of  large  square)  and  the  total 
length  divided  by  the  number  of  filaments  laid  side  by  side  that  it  would  tal^e  | 
to  measure  five  units.  The  quotient  multiplied  by  25  gives  the  number  of  units 
in  the  field.  Synedra  in  "fine-tooth-comb  form,"  FTogiUaria,  Uroi^f^o, 
Synura  and  bulky  forms  may  be  quickly  compared  with  a  25-unit  square  and 
the  number  of  units  in  the  field  estimated.  The  above  method  of  estimating 
units  is  quicker  than  it  reads  and  tends  to  eliminate  largely  the  personal  element 
from  the  count.  After  the  bottom  of  the  slide  has  been  counted,  focus  should 
be  changed  to  the  top  layer  and  Cyanophyceae,  which  float,  estimated,  that  u 
Anabaetia,  Aphamzomenon,  Clalkrocystis,  Microcystis,  Coelosphaerium,  etc. 

Standard  Methods  of  the  American  Public  Health  Association  require  20 
fields  of  the  1000  to  be  examined.  In  ordinary  practice,  however,  a  careful 
count  of  five  representative  fields  is  sufficient,  choosing  fields  through  the 
middle  of  the  cell  at  each  end,  the  center  and  half  way  between.  After  count- 
ing, a  search  of  the  cell,  particularly  the  edges,  is  made  for  missed  forms,  espe- 
cially Crustacea  which  swim  to  the  edges  to  get  air  and  Protozoa  like  VrogUna. 
The  latter  are  frequently  rolling  around  in  the  body  of  the  cell.  An<Aanta, 
Vroglena  and  Dinobryon  commonly  break  up  and  disintegrate  in  the  absence 
of  air  and  must  be  recognized  in  such  condition.  The  process  of  disintegration 
frequently  may  be  witnessed  under  the  microscope.  Sometimes  disintegration 
occurs  in  transit.  '  ' 
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On  the  record  sheet,  the  amounts  of  units  of  each  organism  are  summed  up 
or  the  number  of  fields  examined  and  multiplied  by  a  factor  to  find  the  total 
imts  as  referred  to  the  original  water.  The  latter  amounts  are  summed  to 
ind  the  total  units  of  organisma  per  cubic  centimeter. 

If  the  quantities  recommended  in  this  chapter  are  used  the  factor  is  found 
ts  follows: 


The  ratio  of  total  cell  to  counted  fields  is  - 


=  200. 


The  final  factor  is  then  - 


Fia.  172. — CoUeclion  Apparatus  for  Bacteriolopcal  Samples. 


Large  Crustacea  found  only  around  the  edges  and  not  distributed  through 
tbe  cell  should  have  their  total  units  divided  by  the  concentration  rather  than 
multiplied  by  the  factor  in  referring  the  count  to  the  original  water. 

In  addition  to  the  count  an  examination  of  the  original  sample  in  the  bottle 
by  naked  eye  is  often  useful  in  detecting  such  forms  as  Urogtena,  Cyclops,  etc., 
and  in  forming  a  general  estimate  of  the  amounts  of  organisms  present. 

Many  errors  may  enter  into  the  quantitative  estimation  of  microscopic 
ofganisms.  The  sample  bottle  should  be  inverted  to  distribute  the  forms,  as 
n>me  float  and  otlieru  settle.  Organisms  may  adhere  to  the  sides  of  the  funnel 
ir  to  the  sand.  Others  may  pass  through  the  sand  and  some  may  disintegrate. 
!)ne  of  the  greatest  errors  is  caused  by  uneven  distribution  through  the  cell 
rhen  organisms  are  not  numerous.  Whipple  states  that  the  total  error  does 
lOt  usually  exceed  ten  per  cent.  The  author  of  this  chapter  believes  this 
igure  is  too  conservative  and  unavoidably  so  owing  to  the  large  personal 
lement.     However  results  are  usually  comparative  at  any  one  laboratory. 
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Tabular  Outline  Identificalion  of  Tonaa 


Uiatomal'eae: 
Anterionrlla. 
CyclotfiUa . , . 
Ihaloma . .. . 
Fragilaria .  . 
SfeloKira .  . . 
Nacieala .  .  . 
Sltphanaditc 
Smttdra ... . 
TabrUaria.. 


list  of  OrEuiisnu 

Protozoa: 

Cto»Urium 

vlRtwUHtn 

Conferfa 

DinotriwB 

I'ediaalrum 

ToTAu  Osoakibmb: 

Frotoeoeeua 

sa,.,«„ 

Rpirogijra 

hoglcna 

Sponge  SpiculM 

AphanUomfnon 
ClathrocyHlu, 

PolyarlhTa 

Syrichaela 

Cnela'phMrium 

Cri-jitacka  : 

OKiUaria 

B<amina 

CyrlopH 

ScHrajMrcETEB,  Etc.: 

Cr<-7inlhr'i 

Mold  Hyvhac 

Amorplious  matter  comprises  orRanic  debris  due  larf^ly  to  brokoHkwi 
microscopic  <irganisms  and  zooglca.'  It  is  UKually  of  little  iraportanee  btrt  m 
ciinucction  with  consumption  of  dissolved  oxygen  in  reservoirs  jurt  bdowtl* 
thcrmoclinc  and  at  the  bottom  it  has  been  shown  to  have  importanee.* 


■  The  retimation  should 
indieule<l  in  the  luat  cditio 
AssoriatJon,"  since  this  pan  e 
in  uKrcemcnt  with  Whipple. 

'"Therniooline  Sr.udies  at  Kcnaico  Rescrv 
Chem.,  Vol.  9,  page  81. 


include  mineral  matter,  silt,  precipitated  ilW,  etr.. » 
"StandartI  Methods  of  the  Amencon  Public  HraWi 
'  no  appareally  icowl  purpoac.     Neither  ie  such  tAandvil 

'  Hale  and  Dowd,  Jour.  Ind.  Eni- 


S.  Tabellaria,  magnification  250. 
2,  3,  4.  grassy  to  [Hg-pen  odor. 


6.  Volvox,  maKnificatioD  100. 
5.  Aromatic  geranium  to  fishy  odor. 
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Fragilaria,  magnification  ISO. 


Water  conccntmtc  as  it  appears  under  the 
microscope.  1.  Synedra,  one  tooth  comb. 
2.  Synedra,  needle-forra.     3.  Asterioneila. 


Ulothriz,  magnificKtitni  76. 
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Identiflcatioa  of  Fonns.  On  page  1448  is  shown  a  sectioD  from  a  page  of  the 
record  book  used  in  New  York  City's  Water  Department  Laboratories,  showing 
the  dasBi 6 cation  of  organisms  and  the  commoner  forms  found. 

As  the  magnification  used  for  counting  is  only  S7  one  must  leam  to  identify 
the  forms  quickly  at  that  magnification.  Occasionally  it  is  necessary  to  use 
the  oae-half-inch  ocular  to  make  certain  the  identification,  the  latter  magni- 
fication being  146.  Young  forms  frequently  differ  from  mature  forms  and 
eonfusion  arises.  It  may  be  helpful  to  mention  certain  distinguishing  features 
for  sotne  of  these  commoner  forms,  avoiding  so  far  as  possible  technical  terms. 

Asteriondla  Gittle  star)  in  its  usual  form  is  readily  recognised.  Four  to 
eight  arms  connected  at  one  end,  slightly  larger  than  the  other  end,  and  radi- 
ating from  the  attached  ends  suggest  its  name.  The  arms  are  usually  more 
slender  near  the  center  in  girdle  view.  The  coloring  matter  appears  as  regu- 
larly  spaced  dots  or  dashes  strung  along  the  arm  in  single  row.  There  is 
another  form  of  Aeterionella  in  which  the  arms  attach  at  either  end  in  tig-zag 
manner  with  occasionally  four  arms  arranged  in  star  fashion.  This  form  may 
be  confused  with  "Diatoma"  or  "  Tabellaria,"  but  may  be  distinguished  by 
the  appearance  of  individual  arms  in  valve  view,  Diatoma  having  cross  stri- 
ations  and  Tabeilaria  an  oval  outlined  in  a  swollen  center. 

It  may  be  mentioned  that  Diatoms  have  two  valves  fitting  together  like 
clams,  oysters  or  scallops  but  different  in  that  they  overlap  like  the  cover  and 
bottom  of  a  petri  dish  or  a  pill  box.  The  valve  view  is  that  of  the  top  of  the 
box  and  girdle  view  that  of  the  edge.  (Different  authors  use  different  terms. 
The  above  is  according  to  Whipple.) 

Diatoma  in  girdle  view  has  straight  sides  and  square  ends,  joining  at  tbe 
eumen  to  form  zig-iag  chains.  The  valve  view  is  distinctive  from  AstertoneUa 
and  from  Tabeliaria;  It  has  cross  striations. 

Tabdiaria  usually  has  wider  arms  than  AsUrioneUa  or  Diatoma  and  two 
wdl-defined  parallel  marks  or  Unes  extending  from  each  end  nearly  to  tbe 
mfddle.  In  some  forms  these  are  missing.  The  arms  join  in  zig-zag  fashion 
with  sometimes  three  or  four  in  star  shape.  As  mentioned  before  the  valve  - 
view  is  distinctive,  being  swollen  and  marked  with  an  oval  at  the  center. 
There  is  also  a  distinctive  short  chubby  form. 

Sywdra  in  common  form  looks  like  a  fin»-tooth  comb,  the  needle-like 
individuals  being  attached  side  by  nde  at  the  center  forming  a  serrated  edge.' 
The  edge  distinguishes  it  from  FragiUana  which  also  forms  masses  side  by  side 
but  the  ends  of  the  latter  are  square  with  no  appearance  of  teeth.  Sometimes 
Synedra  exists  only  in  individual  short  needles  and  again  in  very  long  needles. 

Meridian  also  joins  side  by  side  but  being  wider  at  one  end  than  the  other 
forms  disc-like  patterns.  The  valve  view  is  also  distinctive,  like  a  base-ball 
club  and  striated  cross-wise. 

GomphoTisma  is  also  wedge-shaped  hke  Meridian  but  does  not  join  in  masses 
and  in  valve  view  is  shaped  like  a  rolling  pin.  It  has  a  pedicle  which  is  fre- 
quently missing. 

Many  forms,  once  seen,  are  very  readily  distinguished,  Statironeis  like  an 
elongated  diamond  with  a  cross  marked  from  corner  to  corner,  Pleurosigma, 
with  a  double  curve  reminding  one  slightly  of  the  letter  "S,"  Navicula,  shaped 
like  a  little  boat,  Melatira,  with  its  cylindrical  cells  joined  end  to  end  to  form 
filaments  containing  considerable  coloring  matter.  Cyclotella  appears  usually 
«B  amall  perfect  circles  without  contents  whereas  SlephanodiKiu  is  a  larger 
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circle  with  coloring  matter  conspicuous  and  Bometimes  concentric  markhigi    I 
visible  on  the  circumference.     On  edge  a  view  as  of  a  pill  box  is  of  ten  obtwiaUe. 

The  coloring  matt«r  of  the  Diatoim  may  appear  from  yellow  to  brown  but 
often  a  mere  black  and  white  effect  without  much  suggestion  of  color. 

The  Chlorophyceae  (green  growth)  have  green  coloring  matter.  The 
common  forms  are  readily  distinguished  and  remembered  from  illuatntiont. 
Dictyoaphaeriiitn  and  Dinwrpkococcus  are  similar  email  coccua-Iike  formH  jdited 
by  spider-like  threads  together,  the  former  from  a  concave  side,  the  litter 
from  a  convex  side.  Pandorina  and  Evdonna  are  coccus-like  forms  set  in  » 
jelly  ball,  the  former  with  the  coccus  bodies  grouped  together  closely  at  the 
center,  the  latter  with  them  separated  and  spaced  regidarly  near  the  surfut. 
Volvox  is  a  large  revolving  jelly-like  hollow  ball  with  the  surface  dotted  with 
coccus  forms  and  similar  to  Uroglena  of  the  Protozoa,  but  differs  in  containing 
several  conspicuous  larger  green  cells  which  are  in  reality  young  Volvocee. 

The  Cyanophyceae  (blue  growth)  contain  a  blue-green  coloring  matter. 
Anabaena  appears  like  a  string  of  beads.  It  differs  from  Nostoc  in  not  haringi 
gelatinous  sheath,  from  Sphaerozyga  in  that  its  spores  and  heterocysts  are  not 
adjacent  whereas  in  the  latter  a  heterocyst  is  between  two  spores.  The  spote 
are  larger  than  the  vegetative  cells.  It  differs  from  Cylindrospermum  in  that 
the  latter  has  its  heterocysts  terminal  with  lai^e  spore  adjacent,  andthe  latUr 
filament  is  sometimes  tapering. 

Aphanizomenon  under  high  power  hoe  a  beaded  appearance  and  eontaiio  I 
a  very  long  oval  spore  which  is  scarce.  Under  the  ordinary  power  Aphmi-  I 
zomenon  appears  like  a  pencil  mark  on  drawing  paper  and  frequently  appean  I 
in  attached  masses  of  filaments. 

Oicillaria  is  a  pale  blueish  filament  of  even  color  without  granulation,  with 
rounded  ends,  straight  sides  (i.e.,  no  beaded  appearance!  and  cross  striatioDs. 
At  times  it  may  be  seen  to  oscillate  or  wave  back  and  forth  (hence  its  name). 

Of  the  Schizomycetes,  Crenothrix  is  fairly  common  and  occurs  in  well  waters 
containing  iron  or  manganese.  It  occurs  as  dark  brown  massea  due  to  difr- 
coloration  with  iron  or  manganese.  The  latter  may  bo  dissolved  by  acid 
when  the  oblong  cells  become  visible  embedded  in  a  gelatinous  sheath,  but 
not  touching  each  other,  and  forming  a  filament.  Antkophyaa  pedicles,  a 
Protozoon,  are  sometimes  mistaken  for  it  but  the  latter  is  usually  branched 
like  a  "Y"  and  has  longitudinal  striationa. 

The  Protozoa  are  the  lowest  forms  of  animal  lite,  unicellular  in  structure, 
though  they  may  aggregate  in  colonics.  Of  Dinobryon  frequently  only  the 
pencil-like  outlines  of  the  tiny  cups  or  trumpet-like  shells  are  visible  (and 
difficulty  seen),  one  set  in  another,  to  form  branching  aggregations.  The 
spores  of  Dinobryon  are  sometimes  mistaken  for  CycloUUa.  Gknodinium  and 
Peridinium  are  oval  and  each  has  a  groove  across  the  center.  The  former  is' 
smaller  and  has  a  smoother  outline  than  the  latter.  Synura  is  a  small  moWng 
yellowish  ball  of  oval  animalcules  joined  concentrically  and  closely  packed. 
Uroglena  m  a  large  jelly-like  hollow  ball  of  minute  animalcules,  the  latter 
embedded  near  the  surface,  similar  in  appearance  to  Vt^vox,  as  previously 
mentioned,  but  lacking  the  large  green  cells.  It  rolls  around  slowly  in  the 
center  of  the  liquid  of  the  cell.  Broken  pieces  have  the  shape  of  a  piece  of  a 
rubber  ball.     It  is  visible  to  the  naked  eye  and  recognizable  in  the  bottle. 

Rotifera,  Crustacea,  etc.  (more  complicated  animal  forms)  are  readily  dis- 
tinguished from  their  pictures  in  most  instances.     Many  are  visible  to  the 
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nalced  eye.  Cyclops  may  readily  be  recognized  in  the  bottle  by  itB  shape  and 
swift  darting  motion.  It  appears  about  the  size  of  a  pin  head  shaped  some- 
what like  a  tiny  fish,  but  wider  in  proportion.  Boamina  (Vittle  cow)  and 
Acarina  (little  spider)  each  have  a  peculiar  jerky  motion  of  their  own. 

Control  of  Microscopic  Organisms 

Troublesome  microscopic  growths  are  controlled  as  follows: — Reservoirs 
are  shut  oS  from  the  service  and  bypassed  until  the  forms  die  out  under 
storage  which  may  take  three  weeks  to  three  months.  Aeration  by  foun- 
tains will  disintegrate  certain  fragile  forms  like  Urogtena,  Anabaena,  even 
AaterioneUa  and  assist  in  removing  odors.  It  has  lately  been  shown  that 
Crenothrix  may  be  controlled  by  chloramine  or  liquid  chlorine  (Montfort  & 
Barnes).  But  the  method  of  widest  application  ia  that  of  Meore  <^  Kellerman, 
the  application  of  copper  sulphate  in  dosage  ranging  from  .05  to  1.00  parts  per 
million  by  weight  according  to  the  particular  species  (or  even  varieties)  of 
microscopic  organisms  present.  The  chemical  has  been  usually  applied  by 
rowing  around  in  boats  dragging  burlap  bags,  containing,  UBually,  fifty  pounds 
each,  through  the  surface  of  the  water,  allowing  wind,  wave  and  diffusion  to 
mix  the  treated  water  with  the  remainder. 

New  York  City  has  demonstrated,  very  satisfactorily,  that  dry  feed  of  the 
chemical  by  automatic  accurate  electrical  apparatus  to  the  water  Sowing  in 
an  aqueduct  a  short  time  before  entering  the  reservoir  is  absolutely  feasible 
and  succe-ssful  even  at  winter  temperatures  and  with  ice-covered  reservoirs. 
The  feed  is  by  means  of  a  slowly  moving  shutter  fed  from  a  hopper.  The 
copper  sulphate  drops  into  a  screen  revolved  by  the  water  in  a  narrowed  portion 
of  the  aqueduct.  The  metal  parts  of  the  apparatus  should  be  made  of  capper 
to  prevent  corrosion.  A  dosage  of  0.2  parts  per  million  destroyed  AeUrioneUa 
and  under  such  circumstances  the  killing  dosage  Is  accurately  known. 

The  effect  of  treatment  of  microscopic  organisms  by  copper  sulphate  is 
shown  by  an  immediate  intensification  of  distinctive  odors,  by  reduction  of  the 
number  of  organisms  in  the  water  through  sedimentation,  by  the  appearance 
of  the  organisms  under  the  microscope— the  coloring  matter  being  .knocked 
to  pieces,  so  to  speak.  Sometimes  there,  is  an  increase  in  the  water  bacteria 
which  feed  upon  the  decayed  organisms.  The  Cyanophyceae  may  produce 
scum  after  treatment  which  is  of  varied  colors,  pale  blue,  yellow,  red  or  brown. 

Sometimes  fish  arc  killed  by  the  treatment  but  this  is  moro  apt  to  occur 
from  smothering  due  to  clogging  of  the  gills  with  dead  organisms  or  reduction 
of  oxygen  by  the  dead  organisms.  It  is  only  occasionally  that  fish  are  killed 
in  quantities,  even  though  larger  doses  are  usually  applied  than  shown  in  the 
following  table  calculated  from  data  published  by  Moore  &  Kellernian: 

Killing  Dosage  of  Copper  Sulphate  for  Fish 

n*  Pull  ptr  MUUon 

Trout 0.14 

Carp 0.33 

Suckeni 0.33 

Catfish 0.40 

Pickerel 0.40 

Goldfish 0.50 

Porch 0.67 

Sunfish 1.33 

Black  Bass 2.00 
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Experience  differs  with  waters  of  different  composition  and  with  tempcn 
ture  as  to  the  right  dosage  to  apply  for  each  orgaoism.  It  is  believed  that  it 
is  a  waste  of  copper  sulphate  to  apply  an  insufficieDt  quantity.  When  the 
correct  quantity  is  applied  the  water  is  usually  cleared  within  three  to  four 
days.  The  following  table  is  made  up  from  data  furnished  by  Moore  &  Kdl^- 
man,  Whipple,  various  other  sources  and  personal  experience.  The  latter  ue 
starred. 

Copper  Salpbate  Required  for  Treatment  of  Different  Species 


Diatouaceab: 

Aslerum^ia 0.20* 

Fragiiaria 0.25 

Mdoaira 0.33 

Nairienia 0.07 


Synedra. . 
TiAeUaria 


fabeOaria: O.fiO* 

Chu>kophtc>ab 

Cladophora 0.50 

Cloiterium 0.17 

Codattnim 0.33 

Conjena 0.25 

Demidium 2.00 


Dramtmaidia 
Eadoriaa 


10.00  83.0 

Hydrodietj/on O.IO  0.8 


Hydt 


'ierotpora 6.40 

ilmtUa .... 


Poimdio 2.00  16.6 

Partdorina 10.00  83.0 

Rajikiditm 1.00  8J 

Scenedewnu* 1.00  8.3 

S-piTogyra 0.12  1.0 

Staurattrum 1.50  12.5 

Vlothrix 0.20*  1.7 

VofooJt 0.25  2.1 

Zygnema 0.50  4.2 

Cyanophtceab: 

AiuAaena 0.12*  1.0 

AphaniiOmenon 0.50*  4.2 

Clalhrocyatit 0.12*  1.0 

Codo»phaerium 0.33  2.8 

Microeyslis 0.20  1.7 

OsciUaria 0.50*  4.2 

Protozoa: 

Chlamydomonat 0.50  4.2 

Cryptomortaa 0.50  4.2 

Dinobryon 0.33  2.8 

Euglena 0.50  4.2 

Gfenodtmum 0.30  43 

Mallomonas 0.50  4.2 

Peridinium 2.00  16.6 

Synum 0.20*  1.7 

Vroglena 0.10*  0.8 

ScnizoMTCETEs: 

BeggitUoa 5.00  41.5 

Oadothrix 0.20  1.17 

Crenolhrix 0.33  2.8 

Lepbtmitut 0.40  33 
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The  following  illustration  shows  the  corner  of  a  bacteriological  laboratory 
for  the  sanitary  examination  of  water. 


10.  173.    Microscopical  Apparatus,  CatskiU  Laboratery,  Aehokan,  N.  Y. 
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bACTERIOLOQlCAL  EXAMINATION  OF  WATER 

Frank  E.  Hale 

The  routine  bactcriologHAlexamination  is  essentially  simple.  It  consiEts 
of  obtaining  empirically  the  total  number  of  bacteria  undet  certain  standard 
conditions  and  of  tenting  for  the  intestinal  group,  B.  coti.  Usually  only  under 
special  conditions  is  search  made  for  specific  disease  bacteria  which  may  be 
carried  by  water  supply,  such  as  Bacillus  typhi,  BaciUus  paratyphi — A  and  B, 
Spirillum  ckolerae,  Bacillus  dysenUriae — various  types,  BaciUus  anlAracM,  etc. 

Sampling 

Samples  mu^t  be  taken  in  dry-sterilized  bottles,  with,  well-ground  ^a^ 

stoppers.  Two  ounce  capacity  is  usually  sufficient  for  routine  tests.  The 
buttles  are  preferably  protected  by  covering  the  stoppers  and  necks  with  tinfoil 
and  further  protected  by  placing  in  a  metal  screw-top  can  (two  inch  by  tour 
inch).  It  is  frequently  convenient  to  use  quart  bottles  steam-sterilized  at 
fifteen  pounds  pressure,  and  capped  with  tinfoil,  when  special  samples  are  to 
be  brought  in  by  hand.^the  same  sample  serving  for  the  physical,  micro- 
scopical and  chemical  analyses  after  making  the  bacteriological  examination- 
Such  samples  transported  in  leather  bags  of  proper  size  do  not  change  tempera- 
ture more  than  a  few  degrees  in  several  hours  on  the 
hottest  days  though  not  protected  byice.  For  the 
two-ounce  bottles  special  aluminum  cases,  holding 
small  quantities  of  ice  and  fitting  the  bags,  are  li(!;ht 
and  convenient.  For  shipping,  the  small  bottles 
may  be  packed  in  a  copper-lined  wooden  box  con- 
taining a  receptacle  for  the  bottles  and  space  for  ice 
below. 

In  sampling  care  must  be  taken  to  take  represen- 
tative samples,  avoiding  contamination  and  avoiding 
stagnant  water.  Temperature  is  often  a  guide  but  it 
must  be  taken  from  the  source  or  in  a  separate  bottle 
with  the  thermometer  bulb  immersed  in  the  water  a 
few  minutes  before  reading.  Allow  tap  samples  to 
run  thoroughly,  particularly  in  warm  boiler  rooms. 
Handle  sterilized  bottles  by  the  bottom  and  keep  fingers 
away  from  the  necks.  Handle  stoppers  with  the  tii^oil 
in  place.  Avoid  splashing  or  over-running  bottles. 
In  .streams  plunge  bottle  below  the  surface  and  sample 
by  swinging  hand  upt-stream  with  mouth  of  bottle 
pointed  tip-stream  so  as  to  avoid  water  washing  over 
the  hand  into  bottle.  Similarly  in  a  reservoir,  swing 
the  mouth  of  the  bottle  forward  while  filling.  Do  not 
rinse  a  sterilized  bottle.  These  rather  minute  liirec- 
tions  are  given  because  in  a  long  experience  they  have 
frequently  been  found  necessary.  Experts  do  not  always  take  the  samples 
though  the  value  of  their  work  depends  upon  the  care  with  which  the  samples 
are  taken.  Men  have  ■pen  been  caught  reading  thermometera  after  drawing 
them  up  twenty  feet  frolo  the  surfaOe  of  a  reservoir. 
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Samplea  from  a  depth  in  a  reeervoir  are  best  taken  if  possible  from  an 
effluent  pipe  when  regujar  draft  is  from  a  depth.  In  other  cases  sterilized 
bottles  may  be  lowered  to  the  required  depth  and  stoppers  pulled  out  by 
means  of  special  samplers.  In  many  casea  it  has  been  found  satisfactory  to 
take  them  by  the  two-bottle  method  as  used  for-digBolved  axygenjuul  desciibad 
under  "Microscopic  Examination  of  Water."  In  this  case  the  quart  bottl^ 
should  be  thoroughly  cleaned,  handled  as  little  as  possible,  and  the  water 
poured  into  a  bacteria  bottle  after  drawing  to  the  surface.  The  quart  bottle 
is  pretty  thoroughly  rinsed  during  the  process  of  sampling. 

Samples  should  be  tested  the  same  day  they  are  collected,  preferably  within 
a  few  hours.  Expressed  and  iced  samples  will  probably  give  a  fairly  reliable 
index  of  B.  coli  content  b^t  cannot  be  relied  on  for  total  counts. 

Apparatus  and  Haterials  Needed 

Bacteria  bottles — tw(M>unce  glaBS-stoppcred  (well  ground). 

Metallic  containers  for  above,  screw-cap,  two  inch  by  four  inch. 

Tinfoilj  four  inch  wide,  in  rolls  for  capping. 

Bacteria  certificateH  for  sample  data.  .        .         ^ 

Containers  for  rarrjing  samples — leather  bags  with  aluminum  ice  cases  to  fit. 

Containers  for  ehipping  samples — copper-lined  ice  chests. 

Dry.«terilizer  for  bottles  and  pipettes,  to  operate  at  170°  C. 

Autoclave  to  operate  at  15  pounds  strain  pressure,  steriliiation  of  media. 

1  ce.  pipeltce  with  two  markH  and  also  conveniently  graduated  to  show  0.1  cc.  above  the 
upper  1  cc,  mark. 

'"    ;.  pipctt«fl,  preferably  straight  tube  pipettes  with  graduation  also  foF)S  cc.  and  9  cc. 
iij.  fui»esjfor  sterilized  pipettes,  3i    square  by  14"  long.  i 

uuuLiuu  Lcrit  tubes,  1"  diameter,  medium  weight. 

Media  test  tubes,  t"  diameter,  heavy  weight,  not  lipped. 

Dilution  flaakb,  Erlenmeycr,  16-ounee  capacity,  for  sterilized  water. 

Flasks,  i  liteil  1  liter,  etc.,  for  media  preparation  and  bulk  storage. 

Test  tube  racks  for  dilution  tubes. 

Wire  c^es  for  media  tubes,  4"  by  5"  by  5i"  high. 

Non-absorbent  cotton  for  plugging  tubes. 

Footless  Smith  tubes  for  B.  coli  tests,  or  smaL  test  tubes  inverted  in  lai^  test  tubes 
for  samej'capacity  in  either  case  tour  times  the  amount  of  water  to  be  tested.  - 

Metal  racks  ipr  Smith  tubes. 

Agateware  double  boilers  for  making  media. 

Agateware  keltlea-for  making  media. 

Agateware  funnels,'-fl  inch,  (or  filtering  media. 

Cotton  flannel  for  filtering  media. 

Large  beaker^  for  making  media. 

Earthenware  pitchers  for  filling  tubes  with  media. 

Side-neck  burettes  for  filling  tubes  with  media  (side  neck  connected  to  fOnnel  of  media) . 

Apparatus  foi|  keeping  media  warm  while  fillcni^. 

Gas  stoves  for  heating  media. 

Petri  dishes,  10  cm.  diameter  and  Bat  bottomed,  with  botbglBascovet8-(20''  C.  incuba- 
tion) and  porous  covers  (37°  C.  incubation). 

Agateware  sauce  pans  for  melting  media  in  tubes  before  planting. 

20°  C.  incubator  with  thermometer,  automatic  regulator  and  safely  burner. 

37°  C.  incubator  with  thermometer,  automatic  regulator  and  safely  burner. 
(In  manj|  laboratories  the  incubators  aie  now  clecltically  operated.) 

Burner  for  flaming  tubes  before  planting. 

Counting  stand  with  engraved  lines  to  assist  in  counting. 

Engraver's  lens  for  counting,  B.  &  L.  146,  magnification  2}  diameters,  3)  X. 

Tallying  register  for  counting. 

Balance,  similar  to  an  apothecary's,  for  quick  v^^ng. 

Balance,  analytical  beam  type,  for  accurate  weighmg. 

Becord  books  for  bacteriological  results. 


K 
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Microecope  with  condeoBer  and  assortment  or  lenses:  bA  least  }",  i"  and  1"  eyepiena 
and  }",  t"  Eind  1/12"  (^|ectivea.  (Satisfactory  hanginB  drops  may  be  ir*^ 
with  i"  eyepiece  and  i"  objective.    The  1/12"  is  used  only  ip  ™'  in.m«».i:~»  ■ 


Slides,  plain  and  concaved  (latter  for  hanging  drops). 

Cover  sUps,  round  or  Bouare. 

Platinum  needles  with  holders  for  transferring  cultures. 

Cleaning  mixture  for  cleaning  glassware. 

Distilled  water  for  preparation  of  all  culture  media  and  reagents. 

Meat  extract;  Liebig's  is  Standard. 

Peptone;  Witte's  ia  Standard  (N.  Y.  City  Water  Department  Laboratories  have  found 

Digestive  Ferments  Company's  reuable  and  just  as  satisfactory  if  not  bdUt. 

Some  laboratories  have  found  Armour's  and  Fau^hild's  satisfactory). 
Lactose  and  all  other  eugara  the  purest  obtainable. 
Agar.     Frequently  needs  soaking  in  water  and  draining  before  use  because  of  oh- 

Shall  be  dried  )  hour  at  105°  C.  before  weighing. 
Gelatine,  of  light  color,  containing  not  more  thaii  a  trace  of  arsenic,  copper,  su^dBdci, 

free  from  preservatives,  and  of  such  a  melting  point  that      standard  nulrieiit 

Eelatin"  shall  not  melt  below  25°  C.    Gelatin  shall  be  dried  i  hour  at  10fl°  C. 
eforc  weighing. 
Litmus— reagent  litmus  of  hishest  purity  (not  litmus  cubes)  or  aaolitmin  (Kahlbaum's). 
General  chemicals — chemically  pure  so  far  as  possible. 

Preparation  of  Culture  Media 

Adjustment  of  Reution.     (a)  Phenol  Red  Method  for  adjustment  to  a 
hydrogen-ion  concentration  of  Phi-~6.8-8.4.    Withdraw  5  cc.  of  the  medium, 


dilute  with  5  cc.  of  distilled  water,  and  add  5  drops  of  a  solution  of  phenol  Rd 
(phenol  sulphone  phthalcin).  This  solution  is  made  by  dissolving  0.04  ff*^ 
of  phenol  red  in  30  ec.  of  alcohol  and  diluting  to  100  cc.  with  distilled  ffster- 
Titrate  with  a  I  :  10  dilution  of  a  standard  solution  of  NaOH  (which  DW" 
not  be  of  known  normality)  until  the  phenol  red  shows  a  slight  but  diBtinc' 
pink  color.  Calculate  the  amount  of  the  standard  NaOH  solution  whicb 
must  be  added  to  the  medium  to  reach  this  reaction.  After  the  addition  cbeci 
the  reaction  by  adding  5  drops  of  phenol  red  to  5  cc.  of  the  medium  and  5  cc- 
of  water. 
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(6)  Titration  n-ith  Phenol phthalein.  (For  the- convenience  of  those  who 
wish  to  retain  the  use  of  this  method  for  the  present  it  is  given  here,  hut  it  is 
recommended  that  as  soon  as  possible  the  more  accurate  method  of  deter- 
mining the  hydrogen-ion  concentration  be  substituted.) 

In  a  white  porcelain  dish  put  5  cc.  of  the  medium  to  be  tested,  add  45  co. 
of  distilled  water.  Boil  briskly  for  one  minute.  Add  1  cc.  of  phenol  phthalein 
solution  (5  grams  of  commercial  salt  to  one  liter  of  50  per  cent  alcohol).  Titrate 
immediately  with  a  N/20  solution  of  sodium  hydrate,  A  faint  but  distinct 
pink  color  marks  the  true  end  point.  This  color  may  be  precisely  described 
as  a  combination  of  25  per  cent  of  red  (wave-length  approximately  658)  with 
75  per  cent  of  white  as  shown  by  the  disks  of  the  standard  color  top  made  by 
the  Milton  Bradley  Educational  Co.,  Springfield,  Mass. 

All  reactions  shall  be  expressed  with  reference  to  the  phenol pthalein  neutral 
point  and  shall  be  stated  in  percentages  of  normal  acid  or  alkali  solutions 
required  to  neutralize  them.  Alkaline  media  shall  be  recorded  with  a  minus 
(— )  sign  before  the  percentages  of  normal  acid  needed  for  their  neutralization 
and  acid  media  with  a  plus  (+)  sign  before  the  percentages  of  normal  alkali 
solution  needed  for  their  neutralization. 

The  standard  reaction  for  culture  media  for  water  analysis  shall  be  +1.0 
per  cent  as  determined  by  tests  of  the  sterilized  medium.  As  ordinarily  pre- 
pared, broth  and  agar  will  be  found  to  have  a  reaction  between  +0.5  and 
+  1.0.  For  such  media  no  adjustment  shall  be  made.  The  reaction  of  media 
containing  sugar  shall  be  neutral  to  phenolphthalein.  Whenever  reactions 
other  than  the  standard  are  used,  it  shall  be  so  stated. 

Sterilization.  All  media  and  dilution  water  shall  be  sterilized  in  the  auto- 
clave at  15  lbs.  (120°  C.)  for  15  minutes  after  the  pressure  reaches  15  lbs. 
All  air  must  be  forced  out  of  the  autoclave  before  the  pressure  is  allowed  to 
rise.  As  soon  as  possible  after  sterilization  the  media  shall  be  removed  from 
the  autoclave  and  cooled  rapidly.  Rapid  and  immediate  eoolrng  of  gelatin  is 
imperative. 

Media  shall  be  sterilized  in  small  containers,  and  these  must  not  be  closely 
packed  together.  No  part  of  the  medium  shall  be  more  than  2.5  cm.  from 
the  outside  surface  of  the  glass.  All  glassware  shall  be  sterilized  in  the  dry 
oven  at  170*  C.  for  at  least  li  hours. 

nutrient  Broth.     To  make  one  liter: 

1.  Add  3  grams  of  beef  extract  and  5  grams  of  peptone  to  1,000  cc.  of 
ilistilled  water. 

2.  Heat  slowly  on  a  steam  bath  to  at  least  65°  C. 

3.  Make  up  lost  weight  and  adjust  the  reaction  to  a  faint  pink  with  phenol 
*-ed,  or  if  the  phenolphthalein  titration  is  used,  and  the  reaction  is  not  already 
l^etween  +0.6  and  +1,  adjust  to  +1. 

4.  Cool  to  25°  C.  and  filter  through  filter  paper  until  clear. 

5.  Distribute  in  test-tubes,  10  cc.  to  each  tube, 

6.  Sterilize  in  the  autoclave  at  15  lbs.  (120°  C.)  for  15  minutes  after  the 
pressure  reaches  15  lbs. 

Sugar  Broths:  Sugar  broths  shall  be  prepared  in  the  same  general  manner  as 
nutrient  broth  with  the  addition  of  0.5%  of  the  required  carbohydrate  just 
before  sterilization.  The  removal  of  muscle  sugar  la  unnecessary  as  the  beef 
extract   and   peptone   are  free  from   any  fermentable   carbohydrates.     The 
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reaction  of  sugar  broths  ehall  be  a  faiat  pink  with  phenol  red  or,  if  on  titratJon 
with  phenol phthalein  the  reaction  is  not  already  between  neutral  and  +1, 
adjust  to  neutral.  Sterilization  shall  be  in  the  autoclave  at  IS  pounds  (120°  C.) 
for  15  minutes  after  the  pressure  reaches  15  pounds,  provided  the  total  tine 
of  exposure  to  heat  is  not  more  than  one-half  hour;  otherwise  a  10  per  cent 
solution  of  the  required  carbohydrate  shall  be  made  in  distilled  water  and 
sterilized  at  100°  C.  for  l|  hours,  and  this  solutioo  shall  be  added  to  sterile 
nutrient  broth  in  amount  sufficient  to  make  a  0.5  per  cent  solution  of  the 
carbohydrate  and  the  mixture  shall  then  be  tubed  and  sterilized  at  100°  C. 
for  30  minutes,  or  it  is  pernussible  to  add  by  means  of  a  sterile  pipette  directly 
to  a  tube  of  sterile  neutral  broth  enough  of  the  carbohydrate  to  make  the 
required  0.5  per  cent.  The  tubes  so  made  shall  be  incubated  at  37°  C-  !ar 
24  hours  as  a  test  for  sterility. 

Nutrient  Gelatin.     To  make  one  liter:  ' 

1.  Add  3  grams  of  beef  extract  and  5  grams  of  peptone  to  1,000  cc.  of  die- 
tilled  water  and  add  100  grama  of  gelatin  dried  for  one-half  hour  at  105°  C.     I 
before  weighing.  | 

2.  Heat  slowly  on  a  steam  bath  to  65°  C.  until  all  gelatin  is  dissolved^  i 

3.  Make  up  lost  weight  and  adjust  the  reaction  to  a  faint  pink  with  phenol 
red,  or  if  the  pbenolphthalein  titration  is  used,  and  the  reaction  is  not  aJready 
between  -1-0.5  and  +1|  adjust  to  -|-1. 

4.  Filter  through  cloth  and  cotton  until  clear. 

5.  Distribute  in  test-tubes,  10  cc.  to  each  tube,  or  in  larger  containers  as     | 
desired. 

6.  Sterilize  in  the  autoclave  at  15  lbs.  (120°  C.)  for  15  minutes  after  the 
pressure  reaches  15  lbs. 

nutrient  Afar.     To  make  one  liter: 

1.  Add  3  grams  of  beef  extract,  5  grams  of  peptone  and  12  grams  of  apr, 
dried  for  one-half  hour  at  105°  C.  before  weighing,  to  1,000  cc.  of  distilled 
water.  Boil  over  a  water  bath  until  all  the  agar  is  dissolved,  and  then  make 
up  the  loss  by  evaporation. 

2.  Cool  to  45°  C.  in  a  cold  water  bath,  then  warm  to  65°  C.  in  the  same  bath, 
without  stirring. 

3.  Make  up  lost  weight  and  adjust  the  reaction  to  a  faint  pink  with  phenol 
red,  or  if  the  pbenolphthalein  titration  is  used,  and  the  reaction  is  not  already 
between  +0.5  and  +1,  adjust  to  -1-1. 

4.  Filter  through  cloth  and  cotton  until  clear. 

5.  Distribute  in  test-tubes,  10  cc.  to  each  tube,  or  in  larger  containers,  u 
desired. 

6.  Sterilize  in  the  autoclave  at  15  lbs.  (120°  C.)  for  15  minutes  after  the 
pressure  reaches  15  lbs. 

Litmus  or  Azolitmin  Solution.  The  standard  litmus  solution  shall  be  a 
2  per  cent  aqueous  solution  of  reagent  litmus.  Powder  the  litmus,  add  to  the 
water  and  boil  for  five  minutes.  The  solution  usually  needs  no  correction  in 
reaction  and  may  be  at  once  distributed  in  flasks  or  test-tubes  and  steriliied 
as  is  culture  media.  It  should  give  a  distinctly  blue  plate  when  1  cc.  is  added 
to  10  cc.  of  neutral  culture  medium  in  a  Petri  dish. 
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The  standard  azolitmin  solution  shall  be  a  1  per  cent  solution  of  Kahlbaum's 
aiolitmin.  Add  the  azolitmin  powder  to  the  water  and  boil  for  five  minutes. 
The  solution  may  need  to  be  corrected  in  reaction  by  the  addition  of  sodium 
hydrate  solution  so  that  it  will  be  approximately  noutral  and  will  give  a  dis- 
tinctly blue  plate  when  I  cc.  b  added  to  10  cc.  of  neutral  culture  medium  in  a 
Petri  dish.  It  may  be  distributed  in  flasks  or  test-tubes  and  sterilized  as  is 
culture  media. 

Ijtmus-lactose-agar.  Litmus-lactose-agar  shall  be  prepared  in  the  same 
manner  as  nutrient  agar  with  the  addition  of  1  per  cent  of  lactose  just  before 
sterilization.  The  reaction  shall  be  a  faint  pink  with  phenol  red,  or,  if  on 
titration  with  phenol phthalcin  the  reaction  is  not  already  between  neutral  and 
+  1,  adjust  to  neutral.  One  cc.  of  sterilized  litmus  or  azolitmin  solution  shall 
be  added  to  each  10  cc.  of  the  medium  just  before  it  is  poured  into  the  Petri 
dish,  or  the  mixture  may  be  made  in  the  dish  itself. 


Endo's  Medium.     To  make  one  liter: 

1.  Add  5  grams  of  beef  extract,  10  grams  of  peptone  and  30  grams  of  agar 
dried  for  one-half  hour  at  105°  C,  before  weighing,  to  1,000  cc.  of  distilled 
water.  Boil  on  a  water  bath  until  all  the  agar  is  dissolved  and  then  make 
up  the  loss  by  evaporation. 

2.  Cool  the  mixture  to  45°  C.  in  a  cold  water-bath,  then  warm  to  65°  C. 
in  the  same  bath  without  stirring. 

3.  Make  up  lost  weight,  titrate  and  if  the  reaction  is  not  already  between 
neutral  and  -t-I  adjust  to  neutral. 

4.  Filter  through  cloth  and  cotton  until  clear. 

5.  Distribute  100  cc.  or  larger  known  quantities  in  flasks  lai^e  enough  to* 
hold  the  other  ingredients  which  arc  to  be  added  later. 

6.  Sterilize  in  the  autoclave  at  15  lbs.  (120°  C.)  for  15  minutes  after  the 
pressure  reaches  15  lbs. 

7.  Prepare  a,  10  per  cent  solution  of  basic  fuchsin  in  95  per  cent  alcohol, 
allow  to  stand  20  hours,  decant  and  filter  the  sui>ernatant  fluid.  This  is  a 
stock  solution. 

8.  When  ready  to  make  plates  melt  100  cc.  of  agar  in  streaming  steam  or 
on  a  waterbath.  Dissolve  1  gram  of  lactose  in  15  cc.  of  distilled  water,  using 
heat  if  necessary.  Dissolve  0.25  gram  anhydrous  sodium  sulphite  in  10  cc.  of 
water.  To  the  sulphite  Bolution  add  0.5  cc.  of  the  fuchain  stock  solution. 
Add  the  fuchsin-sulphite  solution  to  the  lactose  solution  and  then  add  the 
resulting  solution  to  the  melted  agar.  The  lactot^  used  must  be  chemically 
pure  and  the  sulphite  solution  must  be  made  up  fresh. 

9.  Pour  plates  and  allow  to  harden  thoroughly  in  the  incubator  before  use. 

{Note,     The  methods  tor  nutrient  broth,  sugar  broths,  nutrient  gelatin,  nutrient 

Sar,  and  htmus-lactoee-agar  are  given  above  in  that  tonn  because  they  are  the  present 
opted  standard  methods  of  the  American  Public  Health  Association.  It  is  the 
opinion  of  the  author  that  the  adoption  of  Liebig's  beef  extract  for  freah  beef  infusion 
■nd  the  reduction  of  the  peptone  by  one-half  have  loo  greatly  weakened  the  media. 
Media  made  Bccprdinx  to  the  1912  edition  standard  methods  are  still  in  use  in  the 
Water  Department  Laboratories  of  New  York  City.) 
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BriUiaiit-Greeo  Lactose  Peptone  Bile.    The  compotiition  for  approximately 

one  liter  is  as  follows: 

Distilled  water 1,000  Erama. 

Oxgall  (desiccated  freeh  entire  bile) 50      " 

Peptone .- 10      " 

Laetosc 10       " 

Brillianl  Green 0.1    " 

1.  Heat  1  liter  of  distilled  water  in  double  boiler  until  water  in  outer  Tasd 
boils. 

2.  Add  50  grams  of  dried  oxgall  and  10  grams  of  peptone  stirring  until  all 
ingredients  are  dissolved. 

3.  Continue  bulling  for  one  hour. 

4.  Remove  from  flame  and  add  10  grams  of  powdered  lactose. 

5.  Filter  through  cotton  flannel  until  clear. 

6.  To  each  liter  of  the  filtrate  add  10  cc.  of  a  1  per  cent  solution  of  twilliaiil' 
green. 

7.  Tube  and  sterilize  in  autoclave  for  15  minutes  at  15  lbs.  pressure.  Satis- 
factory results  have  been  obtained  with  different  brands  and  different  samples 
of  the  dye  obtained  from  Bayer  &  Co.,  Leitz  &  Co.,  and  Merck  &  Co.,  all  of 
New  York  City. 

Hesse  Agar.     The  composition  for  approximately  1  liter  is  as  foUowa: 

Agar  (dried) 4.5  grams. 

Peptone 10.         " 

Beef  extract,  Liebig'e 5.         " 

Salt  (sodium  chloride) R.5      " 

Distilled  water 1,000.        " 

Dissolve  4.5  grams  of  dry  agar  in  500  cc.  distilled  water  by  heating  over  a 
free  flame,  making  up  loss  in  weight  by  evaporation.  Into  another  vessel 
500  cc.  of  distilled  water  is  poured  and  to  this  is  added  10  grams  of  peptone, 
5  grams  of  Liebig's  beef  extract,  and  8.5  grams  of  salt.  This  is  heated  until 
all  is  dissolved  and  the  loss  in  weight  by  evaporation  is  made  up  by  addioi 
distilled  water. 

Add  the  two  solutions  together;  boil  30  minutes;  make  up  loss  in  n'eiglit 
with  distilled  water,  filter  through  abK<irbcnt  cotton  held  in  the  funnel  by 
cotton  flannel,  passing  the  filtrate  through  several  times  until  perfectly  clrar. 
Test  the  reaction;  adjust,  if  ncce.isary,  to  +1.0,  and  tube,  using  10  cc.  ineacli 
tube.  Steriliac  for  15  minutes  at  15  lbs.  pressure  in  an  autoclave.  Cool  •itl' 
running  tap  water  and  store  in  an  ice-ehest,  the  oir  of  which  is  saturated  'i''' 
moisture.  j 

Russell  Media.     To  ordinary  extract  agar  adjusted  neutral  to  litmus  adu 

1  per  cent  of  lactose  and  0. 1  per  cent  of  glucose  and  sufficient  litmus  to  pw  " 
good  color.  Tube  and  slant  leaving  a  generous  "butt"  at  bottom  of  tubef"' 
stab  inoculation. 
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Examination  of  Water  for  Total  Bacteria 

The  gelatine  count  is  more  particularly  useful  in  connection  with  deter- 
Diining  the  efficiency  of  filter  plants,  since  the  counts  are  higher  than  the  agar 
counts  (avcrai^ng  usually  about  ten.timcs  as  high)  and  in  examination  of  well 
waters  by  indication  of  surface  contamination  through  the  presence  of  liquifiers. 

In  plating  with  gelatine  media  it  is  usually  necessary  to  use  0.1  cc,  or  less 
as  well  as  1  cc,  in  order  to  obtain  the  right  amount  of  colonies  on  a  plate. 
Standard  methods  require  planting  in  duplicate. 

Melt  tubes  of  nutrient  gelatine  or  nutrient  agar  in  boihng  water, — the 
latter  needs  thorough  boiling  for  several  minutes  to  entirely  soften.  Let  cool 
until  luke-warm,  just  barely  warm  to  the  touch.  Shake  the  sample  of  water 
vigorously  and  introduce  1  cc,  or  less  into  the  bottom  of  a  petri-dish  lifting  the 
cover  on  one  side  but  not  removing  from  over  the  bottom.  The  quantity  of 
wat«r  used  should  of  course  be  accurately  measured.  Be  careful  not  to  con- 
taminate the  pipette  by  touching  to  anything  other  than  the  inside  bottom  of 
the  petri-dish.  Use  glass-covered  petri-dishes  for  incubation  at  20°  C.  and 
porous  ciovers  for  37°  C.,  in'order  to  overcome  spreaders  at  the  higher  tempera- 
ture. Remove  a  tube  of  the  media  from  the  warm  water,  dry  with  a  towel, 
remove  the  cotton  plug,  flame  the  open  end  of  tube  and  pour  into  petri-dish. 
Carefully  rotate  dish  to  mix  the  media  with  the  water  and  set  on  a  level  plate 
to  harden.  Agar  hardens  so  quickly  that  it  must  be  handled  and  mixed 
expeditiously.     Incubate  gelatine  plates  at  20°  C  and  agar  plates  at  37°  C 

The  gelatine  plates  are  counted  after  48  hours  and  the  agar  plates  after 
24  hours. 

Each  minute  bacillus  must  grow  where  caught  in  the  solid  medium  and 
after  sufficient  time  forms  a  colony  large  enough  to  be  seen  with  the  naked  eye. 
Many  ore  however  very  tiny,  so  that  a  hand  lens  magnifying  two  and  one-half 
diameters  is  used  in  counting.  A  tallying  machine  is  used  to  keep  count,  one 
tally  being  made  for  every  three  colonies  usually,  to  assist  the  speed  of  counting. 
For  accuracy  there  should  be  25  to  250  colonies  on  a  plate,  unless  less  than  25 
grew  from  1  cc.  Fictitious  accuracy  should  be  avoided.  The  following  table 
should  be  followed  in  recording  results: 

Number  of  bacteria  per  cc. 


50  shall  be  recorded  as  found 


51  ■ 

100 

101  ' 

250 

251  ' 

500 

501  ' 

1.000 

1,001  ' 

10.000 

10,001 

50,000 

50.001 

100,000 

100.001  ■ 

500,000 

500,001  ' 

1,000,000 

"  1,000.001  ' 

10,000,000 

1,000 

"         10,000 

50,000 

"       100,000 

The  counting  stand  is  usually  marked  to  facilitate  counting,  for  example, 
by  concentric  circles  and  lines  through  the  center  forming  sectors.  With  high 
numbers  four  opposite  sectors  may  be  counted,  situated  at  right  angles  to  each 
other,  and  multiplied  by  a  factor. 
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latioQ  for  B.  coli 

B.  coli  (bacillus  of  the  colon)  represents  a  group  of  bacteria  inhabiting  the 
large  intestines  of  man  and  animals.  Its  presence  in  water  supply  signifies 
possible  sewage  contamination  and  the  latter  means  probable  typhoid,  dysen- 
tery, etc.,  germs.  In  fact  if  a  drinking  water  becomes  contaminated  by  sewage 
an  increatie  in  typhoid  fever  is  almost  certain  to  follow.  Animals  do  not 
spread  typhoid  though  they  may  be  a  factor  in  paratyphoid.  B.  coli  in  a 
water  supply  may  be  due  to  harmless  sources  and  so  of  little  significance. 

is  recommended  in  "Standard  Methods  of  Water 

(  Methyl  red  + 

Voaea-Proskauer  — 
B.  coli  of  fecal  origin J  ^doniui  - 

Indol,  usually  4- 
I  Saccharoae.  usually  — 
f  Methyl  rea  — 
I  Vcwes-Prodiauer  + 
B.  aerogenea  of  focal  origin J  A^      t*  4- 

Indol,  usually  — 
I  Saccluu-ose  4- 
r  Methyl  red  - 

Vt%e»-Proekauer  + 
B.  airogenes,  probably  not  of  fecal  origin i  Adonite  - 

Indot,  usually  — 
[  Saccharoac  + 

(Methyl  red  - 
Voges-Proakauer  + 
Adonite  4- 
Indol,  usually  — 
Saocharoee  + 


1 


Fia.  176,  Microscope  for  Bacteriological  Examination 


Flo.  177.  Ocular  MicromeUr. 


BACTERIOLOGICAL  EXAMINATION  OF  WATER    1463 

Subclassification  of  B.  coli' 
B.  coli  Group.     The  general  characteristics  common  to  this  group  are: 
Fermentation  of  dextrose  and  lactose  with  gas  formation,  short  bacillus 
with  rounded  ends,  non-spore- forming,  facultative  anaerobe,  gives  positive  test 
with  esculin,  grows  at  20°  C.  on  gelatine  and  at  37°  C,  on  agar,  non-liquefying 
in  fourteen  days  on  gelatine,  gram-staining  negative. 
The  group  consists  of  four  species : 

B.  communior  (Durham). 
B.  communis  (Escherich). 
B.  aerogenes  (Escherich). 
B.  acidilactici  (Hiieppe). 

This  group  is  differentiated  as  follows: 

B.  COLI  Group 


The  revised  "Standard  Methods"  in  testing  for  the  B.  coli  group  require 
gas  formation  in  lactose  broth  plus  confirmation  in  accordance  with  the  fol- 
lowing procedure: 

'  Adopted  by  A.  P.  H.  A.,  1912,  and  recommended  by  the  author. 
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I.  Inoculate  lacUwe  brolh  fermentation  tubes;  incubate  24  hrs.  at  37°  C; 
observe  ^nft-formution  in  each  tube. 

1.  Gaa-formatioD,  10  per  ccDt  or  more;  constitutes  positive  piesump- 

tive  test. 

(a)  For  other  than  smallest  portion  of  any  sample  showing  ga«  at 

this  time,  and  for  oil  portions,  including  smallest,  of  sewage 

and  raw  water  this  lest  is  sufficient None 

(b)  For  smallest  gas-forming  portion,  except  in  examinations  of 

sewafEe  and  raw  water Ill 

2.  Gas-formation  less  than  10  per  cent  ia  24  hrs,;  inconclusive 11 

II.  Incubate  an  additional  24  hours,  making  a  total  of  48  hours  incubation; 
observe  gus-formal.ion. 

1.  Gas-formation,  any  amount;  constitutes  doubtful  tcet,  which  must 

always  be  eam«l  f urt  her Ill 

2.  No  gas-formation  in  48  hours;  constitutes  final  negative  test None 

III.  Make  ))late'  from  smallest  gas-forming  portion  of  sample  under  exam- 

ination; incubate  18  to  24  houcH;  observe  colonies. 

1.  One  or  more  colonies  typical  in  appearance. 

(o)  If  only  "|)arlially  iwnfirmcH    teat  is  required None 

(b)  If  completed  test  ia  required,  select  two  typical  colonice  for 

identification V 

2.  No  typical  colonies IV 

IV.  Replace  plate  in  incubator  for  an  additional  18  to  24  hours;    then, 

whether  colonics  appear  typii^al  or  not,  select  at  least  two  of  those 
which  must  nearly  resemble  B.  coii V 

v.  Transfer  each  colony  fished  to: 

1.  Lactose  broth  feriiicntalion  tube;   incubate  not  more  than  48  hrs. 

at  37°  C.    Observe  jraa-formalion None 

2.  Agar  Hiant;  incubate  4,S  hours  at  37°  C. 

(a)  If  gas   formed  in   lactase  broth   tube  inoculated  with   corre- 

sponding culture VI 

(b)  If  no  pftB  formed  in  corresponding  lactose  brolh  tube,  test  is 

completed  and  negative Now 

VI.  Make  stained  cover-slip  or  .slide  preparation,  and  examme  microscopi- 
cally. 

1.  If  preparation  shows  non-spore-forming  bacilli  in  apparently  pure 

culture,  demonat  rati<)n  of  B.  coti  is  completed Nons 

2.  If  preparation  fails  to  show  non-spore-forming  bacilli  or  shows  them 

mixed  with  spore-bearing  forms  or  bacteria  of  other  morphology.    VII 

VII.  Replttte,  to  obtain  assuredly  pure  culture,  select  several  colonies  of  bacilli 
and  repeat  steps  V  and  VI. 


*  Endo-  or  Lactosc-litmus-agar. 
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"Standard  Methods"  outlines  the  following  procedure  arranged  by  days: 

Routine  Procedure  for  Examination  of  Samples  of  Water 
Kist  Day: 

1.  Prepare  dilutions  as  required. 

2.  Make  two  (2)  gelatin  plates  from  each  dilution,  and  incubate  fit  20°  C. 

3.  Make  two  (2)  agar  plates  from  each  dilution,  and  incubate  at  37°  C. 

4.  Inoculate  lactose  broth  fermentation  tubes  with  appropriate  amounts 
for  B.  coli  tests,  inoculating  two  (2)  tubes  with  each  amount. 

Note.     Where  repeated  testa  are 
uy  in  the  control  or  public  suppliei , 
fermentation  tubes  in  each  dilution.     It  is  suftineii 
duplicate  plates  only  from  the  dilution  which  will  d 
colonies  per  plate. 

Second  Day: 

1.  Count  the  agar  plates  made  on  the  first  day. 

2.  Record  the  number  of  lactose  broth  fermentation  tubes  wliich  show  10 
per  cent  or  more  of  gas. 

Note.  Id  rase  only  the  preeumptive  test  for  B.  eoU  is  re(|uired,  fermentation  tubes 
sbowing  more  thou  10  per  cent  of  gas  at  this  time  may  be  discarded. 

Third  Day: 

1.  Count  gelatin  plates  made  on  first  day. 

2.  Record  the  number  of  additional  fermentation  tubes  which  show  10  per 
cent  or  more  of  gas. 

3.  Make  a  lactose-litmus-agar  or  Endo's  medium  plate  from  the  smallest 
portion  of  each  sample  showing  gas.     Incubate  plate  at  37°  C. 

Note.  In  case  the  smallest  portion  in  which  gas  had  been  formed  shows  less  than 
10  per  cent  of  aaa,  it  b  well  to  make  a  plate  also  from  the  next  larger  portion,  so  that, 
in  case  the  emafiest  portion  gives  a  n^calive  end  result  it  may  still  be  poeeible  to  demon- 
strate B.  adi  in  the  next  larger  dilution. 

Fourth  Day: 

1.  Examine  Endo's  medium  or  lactose-litmus-agar  plates.  If  typical 
colonies  have  developed,  select  two  and  transfer  each  to  a  lactose  broth  fer- 
mentation tube  and  an  agar  slant,  both  of  which  are  to  be  incubated  at  37°  C. 

2.  If  no  typical  B.  coli  colonies  are  found,  incubate  the  plates  another 
24  hours. 

nfthDay: 

1.  Select  at  leHst  two  colonies,  whether  typical  or  not,  from  the  Endo's 
medium  or  lactose-litmus- agar  plates  which  have  been  incubated  an  additional 
24  hours;  transfer  each  to  a  lactose  broth  fermentation  tube  and  an  agar  slant, 
and  complete  the  test  as  for  typical  colonies. 

2.  Examine  lactose  broth  fermentation  tubes  inoculated  from  plates  on  the 
previous  day.  Tubes  in  which  gas  has  been  formed  may  be  discarded  after 
the  result  has  been  recorded.  Those  in  which  no  gas  has  formed  should  he 
incubated  an  additional  24  hours. 
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Sixth  Day: 

1 .  Examine  lactose  broth  fermentation  tubes  reincubated  the  previous  it,j. 

2.  Examine  microscopically  agar  slants  corresponding  to  lactose  fermentt- 
tion  tubes  inoculated  from  plate  colonies  and  showing  gas-formation. 

The  above  procedure  is  too  troublesome  for  a  laboratory  handling  la^e  nuinben  d 
routine  samples.  The  work  is  too  great  and  the  time  too  long  for  the  value  <d  Ihe 
results.  It  was  adopted  because  of  the  fact  that  B,  welckii,  a  spore-forming  gm^ 
(though  probably  of  fcra!  origin),  also  forms  gas  in  lactose  media.  B.  wdcha  'm  (Ht- 
gate  anaerobic.  Gram  positive,  osculin  negative,  and  a  spore-fonner.  It  mav  etdf 
Be  differentiated  from  B.  coli  by  its  appearance  in  a  hanging  drop.  (Prepare  ""PT 
drop  b^  placing  a  drop  of  salt  solution,  0,85%  sodium  cUondc,  on  a  stei^  coveripui 
and  mix  with  a  minute  portion  of  the  culture,  taken  direct  from  the  fermentstiaii  tubt- 
Invert  this  cover  slip  over  a  hollow  slide,  sealed  by  a  ring  of  vaseline,  aad  emnioe 
under  the  microscope.)  It  is  a  large^  non-motile  bacillus,  occurring  in  <^i«iia  putt- 
cularly  when  grown  m  lactose  bile  media,  as  mentioned  in  the  1912  edition  of  "Standiid  | 
Methods."  Recently  in  a  few  instances  aendiic  spore-forming  bacilli  have  been  de- 
Bcribed  which  fermented  tactoee  broth,  but  such  instances  are  e^remely  rare. 

Since  about  one-third  of  the  laboratories  of  the  country  are  still  using  bile 
media  it  seems  fitting  to  include  in  this  chapter  a  new  modification,  "Brilliant- 
green  lactose  peptone  bile"  (see  Preparation  of  Media)  which  eliminaU*  B. 
weUhii  from  the  test.  This  modification,  worked  out  by  Muer  A  Hairia, 
bacteriologists  at  Mt.  Prospect  Laboratory,  Brooklyn,  has  been  in  use  for  over 
a  year  in  the  New  York  City  Water  Department  Laboratories  with  entire 
satisfaction.  It  makes  the  presumptive  test  for  B.  coli  a  practical  certainty. 
Attention  should  be  called  to  the  fact,  and  emphasized,  that  since  the  1912 
standards  were  published  lactose  bile  has  been  made  more  delicate  by  the  use 
of  only  5%  bile  and  also  in  considering  10%  or  more  of  gas  a  positive  test. 
Now  the  introduction  of  "  brill iant-green "  eliminates  the  B.  welckii  group. 
Confirmation  of  B.  coU  has  never  failed  in  all  cases  tried.  The  only  reason 
for  making  10%  of  gas  a  lower  limit  is  because  of  possible  danger  of  inversion 
of  a  small  amount  of  lactose  to  dextrose  during  sterilization.  It  is  however 
very  rarely  that  there  is  less  than  10%  of  gas. 

In  testing  for  B.  coli  0.1  cc,  1  cc,  and  10  cc.  portions  of  water  are  intro- 
duced to  the  bottom  of  the  bile  tubes,  or  in  polluted  waters  quantities  varying 
by  decimal  multiples  or  fractions  until  a  negative  test  is  obtained.  Sewage 
will  usually  show  a  positive  test  in  0.000001  cc.  The  plantings  arc  made  at 
the  same  time  that  the  plates  are  prepared  for  total  counts.  The  tubes  are 
incubated  at  37°  C.  for  three  days.  Ten  per  cent  of  gas  within  three  days  is  a 
positive- test. 
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Examination  for  B.  Typhi,  etc. 

Direct  test  for  B.  typhi  may  be  made  from  tlie  bile  tube  or  from  larger 
quantiticH  of  water  incubated  in  bottles  of  biie.  The  method  of  the  1912 
edition  of  "Standard  Methods"  is  still  in  use  in  the  New  York  City  Water 
Laboratories  as  a  routine  procedure.  Dilutions  from  the  bile  tube  media 
are  mixed  with  10  cc.  melted  Hesse  agar  (see  Preparation  of  Media)  in  petri 
dishes  with  porous  tops.  The  poured  plates  are  hardened  in  the  ice-box  and 
then  incubated  24  hours  at  37°  C.  The  colony  is  characteristic  only  when  a 
few  colonies  are  on  a  plate.  They  are  large  size,  have  a  dense  white  nucleus, 
then  translucent  zone,  then  dense  white  scam.  The  colonics  are  perfectly 
round.  They  retain  their  appearance  if  placed  in  the  ice-box,  and  as  they 
develop  further  produce  another  translucent  area  and  another  seam,  etc., 
giving  the  appearance  of  concentric  rings.  Other  large  colonics  of  other  species 
usually  become  dense  throughout.  Forma  most  likely  to  interfere  are  B.  para- 
typhi, B.  pyocyaneous,  B.  Jluoreacena  liquefadens,  and  some  very  motile  forma 
of  B.  coli. 

From  the  edges  of  the  colony  direct  tests  should  be  made  for  B.  typhi  and 
B.  para-typhi  by  specific  agglutination  tests. 

Widal  Test.  To  make  the  Widal  teat  place  a  small  portion  of  the  cul- 
ture in  a  drop  of  normal  salt  solution  on  a  cover  glass,  and  invert  it  over  a 
rubber  ring  on  a  glass  slide,  using  vaseline  on  the  edges  so  as  to  prevent  evap- 
oration and  consequent  movement  by  currents  in  the  drop. 

If  the  bacteria  are  motile  rods  resembling  B.  typhi  add  a  drop  of  equal  size 
of  highly  diluted  anti-typhoid  scrum  (the  latter  diluted  with  physiological  salt 
solution).  If  in  the  course  of  half  an  hour  the  bacteria  cease  their  motions 
and  agglutinate,  the  presence  of  B.  typhi  is  practically  established.  In  rare 
coses,  some  strains  of  B.  coli  and  allied  species  may  respond  to  the  Widal  test, 
but  almost  invariably  in  dilutions  of  1-50  or  less.  The  high-power  dry  lens  is 
best  for  this  work. 

To  determine  the  point  of  highest  dilution  at  which  a^utination  takes 
place  the  Widal  test  is  best  made  in  tubes  and  examined  macroKcopically. 
Place  a  series  of  small  test  tubes  in  a  rack  and  pour  into  each  varying  dilutions 
of  anti-typhoid  serum.  To  each  tube  add  an  equal  amount  of  24-hour  broth 
culture  of  B.  typhi  and  incubate  at  37°  C.  for  at  least  three  hours.  The  highest 
point  at  which  precipitation  takes  place  is  the  highest  point  of  agglutination. 


1468     BACTERIOLOGICAL    EXAMINATION    OF   WATER 

Russell  Media.  Aa  additional  rapid  means  of  differentiating  between  B. 
typhi  and  B.  para-typki  A  and  B,  needle  stabs  may  be  made  into  tubes  of  Russell 
media  (see  Preparation  of  Media)  and  incubated  at  37°  C.  The  reactions  are 
based  on  the  fact  that  the  bacilli  growing  aerobically,  that  is  on  the  slant,  only 
utilize  the  carbohydrate  when  present  in  amounts  over  0.1%,  whereas,  growing 
anaSrobicaJly  stabbed  in  the  butt,  they  must  utilize  the  carbohydrates  for  their 
oxygen  supply  and  therefore  ferment  the  trace  of  glucose  present.  The  indi- 
cations of  the  Rusaell  media  reactions  are  as  follows: 

B.  coH  Group — Russell  media — Slant,  acid  (Glucose,  acidand  gas) 

Butt,  acid  and  gas  (Lactose,  acid  and  gas) 
o  ,     , .  p  1  rsiant  unchanged  (Glucose,  acid  only) 

B  dslnl^^'Giou      f^"^*'"  "«^»  "I  B"*'*'  a'^d  ""'y     (Lactose,  not 
B.  paratyphi  Group  1  f  Slant  unchanged    (Glucose,  acid  and 

i- Russell  media  \ 


B.  etUeritidis  Group  |  |  Butt,  acid  and  gas  (Lactose,  not 

fermented) 

B.  alkaligcneB  Group — Russell  media — Slant  unchanged  (Glucose,  not 

fermented) 

Butt  unchanged  (Lactose,  not 

fermented) 

In  distinguishing  between  typhoid  and  dysentery  (true  or  Shiga  type) — 
typhoid  bacilli  are  motile,  dysentery  non-motile,  typhoid  produces  acid  in 
mannitc,  dysentery  does  not. 

There  also  exist  three  types  of  para-dysentery  (non-motile) :  Type  I  (Park- 
Hiss),  type  II  (Flexncr)  and  type  III  (Strong).  Para-dysentery  are  different 
from  true  dysentery  in  that  they  produce  acid  with  mannite  (the  same  as 
typhoid)  but  they  all  give  positive  indol,  while  dysentery  and  typhoid  do  not. 
Indol  is  sometimes  doubtful  with  Flexner.  The  three  pnra-dysentery  groups 
arc  further  distinguished  among  themselves  by  their  reactions  upon  maltose 
and  saccharose.  The  type  I  produces  acid  in  neither,  type  II  produces  acid 
in  maltose  but  not  in  saccharose,  type  III  produces  acid  in  saccharose  but  not 
in  maltose.  The  usual  final  test  for  all  these  different  types  of  typhoid  and 
dysentery  is  the  agglutination  with  specific  serums.  The  sugar  fermentation 
tests  must  be  made  upon  freshly  isolated  cultures  since  after  artificial  cultiva- 
tion Park-Hiss  strains  may  ferment  maltose  and  Flexner  strains  saccharose 
aa  demonstrated  by  Hiss  and  by  Lentz. 

The  members  of  the  typhoid,  para-typhoid,  dysentery  and  para-dysentery 
groups  all  form  colorless  colonies  upon  Endo  media.  This  is  frequently  the 
starting  point  for  isolation. 


"Standard  Methods  of  Water  Analysis."     Am.  Pub.  Health  Assoc.,  Editions  1905, 
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METHODS  FOR  THE  DETERMINATION  OF 
SOLUBILITY* 

Atherton  Seidell' 

A  quantitative  determination  of  a  solubility  consists  essentially  of  two 
operational;  the  preparation  of  the  saturated  solution  and  its  subsequent 
analysis.  In  those  oases  where  these  steps  are  performed  separately  the 
metliod  may,  in  general,  be  designated  as  the  analytical  and  in  those  where 
they  are  combined,  as  the  synthetic.  In  both  cases,  however,  the  consideration 
of  first  importance  is  the  assurance  that  final  equilibrium  between  solvent  and 
solute  has  been  reached.  Since  this  point  is  that  at  which  no  further  change 
occurs  in  the  relation  between  the  amount  of  the  compound  in  solution  and 
that  remaining  undissolved,  the  only  criterion  of  saturation  is  the  evidence 
that  the  concentration  of  the  solution  has  not  changed  during  a  longer  or 
shorter  interval  of  time,  during  which  those  conditions  which  would  tend  to 
promote  such  a  change  have  been  allowed  to  operate. 

Of  the  conditions  which  promote  most  effectively  the  attainment  of  equi- 
librium between  a  solute  and  a  solvent,  the  provision  for  the  intimate  contact 
of  the  two  is  most  important.  In  other  words,  only  by  the  thorough  mixing 
which  agitation  or  effective  stirring  provides  can  the  point  of  saturation  be 
reached  with  certainty.  In  the  case  of  the  reciprocal  solubility  of  liquids,  the 
point  of  equilibrium  is  usually  attained  within  a  much  shorter  period  than  in 
the  case  of  solids  dissolved  in  liquids.  In  the  latter  case,  the  necessary  di»- 
integration  of  the  solid,  incident  to  its  solution  in  the  liquid,  is  a  process  which 
is  restricted  to  the  surface  layers  of  the  solid,  and,  therefore,  unless  a  large 
area,  such  as  a  finely  divided  state  provides,  is  available,  and  unless  that  portion 
of  the  solvent  which  has  acted  upon  a  given  surface  area  is  repeatedly  replaced 
by  fresh  solvent,  the  process  of  solution  will  be  greatly  retarded.  It  is  quite 
evident  that,  although  a  solution  in  contact  with  even  very  finely  divided  solid 
may  promptly  become  saturated  in  the  immediate  vicinity  of  the  solid  without 
stirring,  the  distribution  of  the  dissolved  material  to  the  remainder  of  the 
solvent  would  depend  upon  diffusion,  and  since  the  rate  at  which  this  proceeds 
would  diminish  as  the  concentration  differences  became  equalized,  the  process 
would  take  place  at  a  gradually  diminishing  rate.  If  the  point  of  equilibrium  is 
approached  from  supersaturation,  the  above  remarks  apply  with  equal  effect, 
since  only  at  the  surface  of  the  solid  can  the  excess  of  salt  leave  the  solution 
and,  without  other  provision  than  dilTusion  for  successively  bringing  the  entire 
amount  of  the  solution  in  contact  with  the  solid,  the  deposition  of  the  excess  of 
dissolved  material  can  occur  only  at  a  very  slow  rate.  The  importance  of 
active  and  continuous  agitation  of  the  solid  and  solution,  in  effecting  satura- 
tion, cannot,  therefore,  be  too  strongly  emphasized.  It  may  in  fact  be  assumed 
that  determinations  of  the  solubility  of  solids,  made  without  continuous  agi- 
tation, are  always  open  to  the  suspicion  that  the  results  do  not  represent  the 
final  equilibrium  which  such  data  are  required  to  show. 

*  Reprinted  from  2nd.  Ed.  of  ■'  Solubilities." 

'  Hygienic  Laboralon,',  U.  S.  Public  Health  Service,  Washington,  D.  C. 
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Since  solubility  is  a  function  of  temperature,  the  accurate  control  of  the 
temperature  in  making  a  eolubility  determination  is  another  one  of  the  in- 
dispensible  requisites  of  accuracy.  In  general,  it  may  be  i^tated  tlicrefore,  that 
every  procedure  designed  for  preparing  a  saturated  solution  must  include 
provision  for  the  accurate  control  of  the  temperature  and  for  active  and  con- 
tinuous agitation  or  stirring  of  the  solution.  In  the  case  of  the  solubility  of 
gases,  which  will  be  considered  in  a  separate  section,  provision  for  the  control 
of  the  pressure  must  also  be  made. 

It  is  obvious  that  since  the  solubilities  of  various  compounds  differ,  and 
that  of  one  compound  is  affected  by  the  presence  of  another,  the  accurate 
determination  of  this  constant  for  a  particular  molecular  species  presupposes 
that  only  this  one  substance  is  present  in  the  pure  solvent.  That  is,  accuracy 
of  results  demand  that  only  pure  compounds  be  involved  in  a  given  detet- 
mination,  consequently,  no  effort  should  be  spared  to  make  it  certain  that  the 
highest  possible  purity  of  both  solute  and  solvent  has  been  attained. 

Apparalvs  for  the  Determinaiion  of  the  Solubility  of  Solids  by  the  Analylitd 
Method.  The  types  of  apparatus  which  have  been  developed  for  the  prepara- 
tion of  saturated  solutions  of  solids  in  liquids  differ  principally  in  respect  to 
whether  designed  for  multiple  or  single  determinations  at  a  given  temperature. 
Examples  of  the  fir.st  type  are  illustrated  by  Figs,  178  and  179. 


Fig.  178.    Determination  of  Sulubilil>  of  Sobds 

It  will  be  noted  that  in  one  case  (Fig.  178)  the  bottles  containing  the  solu- 
tions arc  stationary  and  the  liquid  in  each  and  in  the  constant  temperature 
bath  is  kept  in  motion  by  means  of  revolving  stirrers.  This  form  of  apparatus 
was  used  by  Moody  and  Leyson  (1908)  for  the  determination  of  the  solubility 
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of  lime  in  water  and  is  particularly  adapted  for  relatively  slightly  soluble  com- 
pounds for  which  rather  large  quantities  of  the  saturated  solution  are  needed 
for  accurate  analysis.  There  is  also  shown  in  the  figure  the  provision  for  with- 
drawing the  saturated  solution  through  a  filter  within  the  inverted  thistle  tube. 
The  stirrers  in  the  bottles  are  fitted  with  mercury  seals  to  prevent  access  of 
air  containing  carbon  dioxide.  Other  features  of  the  apparatus  will  be  readily 
understood  from  the  drawing. 


Fio.  179.    Noyes  apparatus  for  determining  the  solubility  of  solids. 


A  more  common  type  of  apparatus,  designed  for  the  simultaneous  saturation 
of  several  solutions  at  the  same  temperature,  is  that  illustrated  by  Fig.  179, 
in  which  the  bottles  containing  the  solutions  are  slowly  rotated  in  the  constant 
temperature  bath.  The  form  shown  is  that  described  by  Noyes  (1892). 
This  type  of  apparatus  has  the  advantage  that  the  solid  is,  to  a  large  extent, 
kept  in  suspension  in  the  liquid  and,  therefore,  ofTers  the  most  favorable  oppor- 
tunity for  continuous  and  uniform  contact  with  the  solution.  Many  examples 
of  this  form  of  apparatus,  differing  principally  in  size  and  in  the  direction  of 
movement  of  the  containers,  are  described  in  the  literature. 

Of  the  second  type  of  apparatus,  designed  for  a  single  determination  at  a 
given  temperature,  many  varietias  have  been  developed  for  particular  condi- 
tions. Of  these,  the  following  examples  have  been  selected  as  typical  of  this 
class  and,  it  is  hoped,  will  illustrate  most  of  their  desirable  features.  They 
are,  in  general,  adaptations  of  earlier  designs  and  it  is  not  intended  that  the 
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name  ^ven  in  connection  with  each  is  that  of  the  investif^tor  who  c 
the  credit  for  originating  the  type.  The  drawings  wili,  for  tlie  most  part,  be 
readily  understood  without  detailed  explanations.  The  dimensions  are  not 
etated,  since  they  can  uaually  be  varied  to  suit  the  needs  of  almost  any  problem. 


TUamMOHETE/tS^ 


Pio.  180.     Berkeley's  apparatus  for  detenniuing  eolubillty. 


Id  Fig.  ISO  is  shown  the  apparatus  used  by  the  Earl  of  Berkeley  (1904)  for 
the  very  careful  determinations  of  the  solubility  of  inorganic  salts  in  water. 
The  features  of  particular  interest  in  connection  with  it  are,  that  the  water 
bath  itself  is  made  to  serve  as  the  temperature  regulating  device,  and  the 
apparatus  for  withdrawing  and  simultaneously  filtering  the  saturated  solution 
is  a  combination  of  pipet  and  pycnometer.  This  was  provided  with  ground 
glass  caps  for  each  end  and  the  stem  was  accurately  graduated.  It  was,  ot 
course,  carefully  standardized  before  use.  The  flexible  iron  plate  shown  was 
made  of  a  disc  from  the  receiver  of  a  telephone.  The  apparatus  was  used  for 
determinations  at  temperatures  between  30°  and  90°  and  the  range  of  vari- 
ations from  the  set  temperature  of  the  bath  was,  for  2-3  hour  periods,  within 
about  0.2°.  For  the  inner  vessel  containing  the  salt,  the  range  was  about 
0.05°.  At  each  temperature  two  determinations  of  density  and  solubility  were 
made;    one  on  the  solution  obtained  by  stirring  a  supersaturated  solution  in 
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contact  with  solid  salt,  and  the  other  od  the  solution  obtained  by  stirring  an 
unsaturated  solution  in  contact  with  an  excess  of  salt. 

In  the  case  of  determinations  at  the  boiling  point  a  special  apparatus  was 
required.  Two  forms,  described  by  the  Earl  of  Berkeley  (1904),  are  shown  in 
Figs.  181  and  182.    The  first  was  used  for  the  less  soluble  salts  and  consisted  of  an 


Fio.  181.  Flo.  182. 

Berkeley's  apparatus  for  determining  solubility. 


outer  tube  A  containing  water  and  an  inner  tube  B  containing  salt  and  solution. 
By  boiling  the  water  vigorously  and  closing  the  side  tube  C,  steam  passing 
through  the  tube  D  stirred  the  solution  thoroughly  and  the  temperature  rose 
to  the  boiling  point  of  the  saturated  solution  and  remained  constant  when 
saturation  was  attained.  The  second  form  of  apparatus  (Fig.  182)  was  devised 
for  use  with  extremely  soluble  alts.  In  these  cases  it  was  found  that  the 
larger  quantity  of  steam  required  for  thorough  stirring  dissolved  so  much  salt 
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that  it  was  necessary  to  have  a  very  large  excess  present.  In  this  appuati 
the  steam  was  generated  in  a  boiler  A  and  conducted  through  the  tube  B  ti 
the  bottom  of  the  large  test  tube  C  containing  the  excess  of  salt  and  solution 
The  test  tube  was  immersed  in  the  oil  bath  D  which  was  vigorously  stirred  uxi 
maintained  at  a  temperature  close  to  that  of  the  boiling  point  of  the  satunted 


Fig.  183. 
Victor  Meyer  type  of  apparatus  for  eolu- 
bility  determination. 


Fio.  184, 
Walton  and  Judd  apparatus  for 
solubilities. 


solution.  When  the  temperature  of  the  oil  bath  was  below  the  boiling  point 
salt  dissolved;  when  above,  salt  was  thrown  out  of  solution.  Considerabl 
difficulty  was  experienced  in  filling  the  pycnometer  with  the  saturated  solutio: 
without  introducing  errors  due  to  steam  bubbles  caused  by  the  suction  whici 
was  applied. 
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A  comparatively  simple  form  of  the  type  of  apparatus  used  by  Victor 
Meyer  in  1875  and  modified  by  Reicher  and  van  Deventer  (1890)  and  by 
Goldschmidt  (1895),  is  described  by  Hicks  (1915)  and  shown  in  the  accom- 
panying Fig.  183.  A  glass  cylinder  A  is  closed  at  each  end  with  large  one-hole 
rubber  stoppers.  The  mixture  of  salt  and  solution  is  contained  in  this  cylinder 
and  is  stirred  by  the  rotation  of  the  tube  E  which  is  provided  with  an  enlarge- 
ment at  its  lower  end  in  which  there  are  two  small  holes  at  H  and  /.  The 
stirrer  rotates  in  the  bearing  formed  by  the  hollow  wooden  cylinder  J.  The 
glass  rod  K  carries  a  rubber  stopper  Z>  which  closes  the  filtering  tube  M,  in 
which  a  platinum  cone  N  supports  an  asbestos  filter  0.  The  siphon  P  con- 
nects the  filtering  tube  with  the  flask  R  which  is  provided  with  an  outlet  through 
the  small  tube  S.  The  apparatus  is  immersed  in  a  constant  temperature  water 
bath  W,  to  about  the  level  shown.  After  stirring  the  mixture  of  salt  and 
solution  a  sufiicient  length  of  time 
for  attainment  of  saturation,  the  | 

undissolved  salt  is  allowed  to  settle 
and  the  rubber  stopper  is  witb- 
flrawn  from  the  filter  tube  by 
means  of  the  glass  rod  K.  Suc- 
tion is  applied  through  the  tube 
S  to  hasten  the  filtering  and  the 
clear  solution  collected,  at  the 
temperature  of  the  bath,  in  the 
previously  weighed  fiask  R. 

A  similar  apparatus  was  used 
by  Walton  and  Judd  (1911),  for 
determination  of  the  solubility  of 
lead  nitrate  in  pyridine.  This  is 
shown  in  Fig.  184  and  consists  of  a 
glass  test  tube  fitted  with  a  stirrer 
which  turns  in  a  mercury  seal, 
thus  preventing  loss  of  solvent  by 
evaporation  or  the  admission  of 
moisture  from  the  air.  To  take  a 
sample  of  the  saturated  solution, 
the  weighing  tube  A  was  intro- 
duced into  the  larger  tube  through 
a  hole  in  the  stopper.  After 
reaching  the  temperature  of  the 
bath  the  stirrer  was  stopped,  the  Fi^-  185.  Donnan  and  White  apparatus  for 
end  of  the  small  tube  B,  which  was  determining  solubilities, 

covered  with  a  piece  of  closely- 
woven  muslin,  was  dipped  below  the  surface  of  the  solution  and  the  liquid 
drawn  into  A  by  applying  suction  at  C.    The  tube  A  was  then  removed, 
weighed  and  the  contents  analyzed. 

An  apparatus  which  was  used  by  Donnan  and  White  (1911),  for  the  deter- 
mination of  equilibrium  in  the  system  palmitic  acid  and  sodium  palmitate  is 
shown  in  Fig.  185.    The  stirring  in  this  case  was  accomplished  by  means  of  a 
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current  of  dry  air,  free  of  carbon  dioxide.  The  apparatus  con^ts  of  two  parts, 
namely,  an  inner  chamber  E,  where  equilibrium  was  attained,  and  an  outer 
case  A,  designed  for  isothermal  filtration.  The  whole  was  immersed  in  a 
thermostat  to  the  level  W.  A  side  tube  B  permitted  connection  with  a  filter 
pump.  C  is  a  weighing  bottle  to  receive  the  filtered  saturated  solution  and  D 
a  Gooch  crucible  provided  with  a  paper  filter.  The  cork,  closing  A,  was  cov- 
ered with  a  plastic  layer  to  render  it  airtight.  The  tube  at  the  lower  end  fit  B 
was  closed  with  a  ground  glass  plug  F,  the  stem  of  which  was  enlarged  to  a 
small  bulb  at  G  and  then  drawn  out  to  pass  easily  through  H,  leaving  an  air 


Fio.  187.    Btdir'a  apparatus  forde. 
terminisg  solubihtiee. 

free  outlet  around  it.  The  amall  cork  /  was  used  to  support  the  stopper  when 
lifted  to  allow  the  contents  of  E  to  flow  down  for  filtration.  The  dry  air  by 
which  the  mixture  was  stirred  was  drawn  tlirough  K  by  applying  suction  at  H. 
The  preheating  of  this  air  was  accomplished  by  drawing  it  through  a  thin 
spiral  immersed  in  the  thermostat.  The  connection  between  the  equilibrium 
apparatus  and  preheater  was  made  through  a  mercury  seal,  which  permitted 
lifting  the  apparatus  easily  without  damage  to  the  fragile  preheater  permanently 
mounted  in  the  bath.    This  apparatus  provided  for  the  recovery,  separately,  «f 
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the  saturated  solution  and  undissolved  solid.  These  authors  also  describe  an 
improved  electrically  heated  and  controlled  constant  temperature  bath. 

Determinations  at  lower  temperatures  that  can  be  constantly  maintained 

with  the  aid  of  a  water  bath  require  special  forma  of  apparatus  which  permit 
of  temperature  control  under  more  or  less  restricted  conditions.  An  apparatus 
of  this  type,  which  was  used  by  Cohen  and  Inouye  (1910),  for  determination 
of  the  solubility  of  phosphorus  in  carbon  disulfide,  is  shown  in  Fig.  1S6,  and  is 
intended  for  the  range  of  temperature  between  —10"  and  +10°.  The  satur- 
ating vessel  D  consists  of  a  glass  cylinder  to  the  upper  end  of  which  is  cemented 
a  steel  collar  E,  containing  a  deep  channel.  A  mixture  of  litharge  and  glycerol 
was  used  as  the  cementing  material  for  this  purpose.  The  inverted  steel 
cover  F  fits  into  the  channel  of  this  collar  and  the  seal  of  the  joint  is  effected, 
in  the  usual  way,  by  means  of  a  layer  of  mercury.  The  cover  F  is  provided 
with  a  brass  tube  K,  to  which  the  pulley  Af  is  attached,  and  is  also  pierced  by 
the  tightly  cemented-in  glass  tube  /.  The  glass  rod  G,  containing  on  its  lower 
end  the  three  stirring  wings  H  H  H,  is  cemented  into  the  brass  tube  K.  The 
saturating  vessel  is,  for  stability,  tightly  fastened  in  a  hole  in  a  block  of  lead, 
S,  contained  in  the  Dewar  cylinder  A .  An  atmosphere  of  C02  in  the  saturating 
vessel  is  provided  by  introducing  COj  under  pressure  through  /  and  allowing 
the  excess  to  escape  through  the  mercury  seal  in  E.  After  charging  the 
apparatus,  /  is  closed  with  a  rubber  tube  and  plug  and  the  stirrers  H  H  H  set 
in  motion.  A  Witt  stirrer,  0,  keeps  the  contents  of  the  bath  in  rapid  circula- 
tion. Water  is  used  in  the  bath  for  temperatures  above  0°,  and  alcohol  for 
those  below  0°.  The  regulation  of  the  temperature  is  accomplished  by  addition 
of  ice  or  solid  CO}  as  found  necessary  and,  therefore,  requires  very  close  atten- 
tion on  the  part  of  the  experimenter, 

A  novel  and  simple  form  of  apparatus,  which  was  used  by  Bahr  (1911), 
for  the  determination  of  the  solubility  of  thallium  hydroxide  at  temperatures 
up  to  40°  is  shown  in  Fig.  187.  As  will  be  seen,  this  consists  of  a  gas  washing 
flask  to  the  arms  of  which  a  Y  tube  provided  with  two  stop-cocks  is  sealed. 
The  inside  walls  of  the  apparatus  were  coated  with  hard  paraf&n  and  the 
required  amounts  of  thallium  hydroxide  and  water  introduced.  It  was  then 
immersed  in  a  water  bath  and  the  contents  stirred  by  means  of  a  current  of 
hydrogen,  which  entered  aa  shown  and  with  A  and  E  closed,  passed  through 
D  and  out  at  B.  When  it  was  desired  to  remove  a  sample  of  the  solution  for 
analysis,  B  and  D  were  closed  and  the  liquid  forced  through  A  into  the  pyeno- 
meter  by  means  of  gas  pressure  entering  through  E.  For  temperatures  above 
40°,  the  form  of  apparatus  shown  in  Fig.  188  was  used.  In  this  case  K  repre- 
sents a  copper  cylinder  with  double  walls,  of  which  the  inner  compartment  G, 
contains  concentrated  salt  solution  which  is  stirred  by  a  stream  of  air  (not 
shown),  and  the  outer  compartment  contains  a  layer  of  heating  hquid  H.  The 
glass  tube  L  contains  the  mixture  of  thallium  hydroxide  and  water  which  is 
stirred  by  means  of  a  current  of  hydrogen  (not  shown).  When  saturation  is 
attained  the  tube  A,  of  small  bore  and  thick  walls  aad  provided  with  a  smalt 
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asbeatoB  filter,  ia  introduced  and  the  saturated  solution  forced  over  into  the 
receptacle  B  by  pressure  of  hydrogen  which  enters  at  C.  The  heating  liquid 
in  S  is  the  same  as  used  in  H.  The  following  beating  liquids  with  the  boUing 
points  shown  were  used:  Allyl  chloride,  46°;  Ethylene  chloride,  55°;  Chloro- 
form, 61°;  Methyl  alcohol,  66°;  Bensene,  80°;  Benzene-Toluene  mixture,  91°; 
Water,  100°. 

A  somewhat  more  elaborate  apparatus,  in  which  the  constant  temperature 
is  maintained  by  means  of  the  vapor  of  a  boiling  liquid,  is  shown  in  Pig.  189. 


Fw.  188. 


This  apparatus  was  developed  by  Tyrer  (1910)  for  the  very  accurate  deter- 
mination of  the  solubilities  of  anthraquinone,  anthracene  and  phenanthra- 
quinone  in  single  and  mixed  organic  solvents.  The  solvent  with  excess  of  the 
solute  was  placed  in  A  and  kept  in  constant  agitation  by  means  of  the  vertically 
acting  stirrer  shown.  The  tube  A  is  surrounded  by  a  bath  of  vapor  which 
circulates  through  the  cylinder  B,  condenses  in  C,  and  returns  to  the  boiling 
flask  M.  When  the  solution  is  saturated  it  is  allowed  to  settle,  and  the  clear 
solution  run  out  (by  raising  the  tube  D)  into  a  small  graduated  flask  E,  which  is 
mnintained  at  the  same  temperature  as  the  solution  A.  The  temperature  of 
por  bath  is  varied  by  changing  the  pressure  under  which  the  liquid  in 
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the  flask  M  is  boiling.  For  this  purpose,  the  manostat  P  is  provided.  The 
temperature  can,  with  caie,  be  maintained  constant  to  0.01°.  For  this  purpose 
the  apparatus  must  be  airtight,  the  liquid  in  the  boiling  flask  must  not  bump 
(which  is  entirely  prevented  by  placing  a  layer  of  mercury  in  the  flask)  and  a 
pure  boiling  liquid  must  be  used. 


Fio.  189.    Tyrer's  apparatus  for  solubilitiefl. 

Although  illustratioDB  of  special  forms  of  apparatus  designed  for  securing 
equilibrium  in  solubility  determinations  could  be  extended  far  beyond  the 
number  given,  it  is  believed  that  the  principal  features  have  been  made  clear 
and  it  will  no  doubt  be  possible  to  adapt  the  devices  here  shown  to  many  other 
eases  for  which  accurate  determiaations  of  solubility  may  be  desired. 
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Separatioii  of  SatuTRted  Solution  from  UDdiBEolved  Solid.  The  next  point, 
after  the  establishment  of  equilibrium  between  the  solvent  and  solution,  is  the 
matter  of  successfully  separating  the  saturated  solution  from  the  undissolved 
solid,  preparatory  to  its  analysis.  There  are,  undoubtedly,  many  ca^es  where 
this  is  a  very  serious  problem.  This  is  especially  so  for  extremely  soluble  com- 
pounds, which  yield  viscous  solutions  as  well  as  for  those  which  do  not  readily 
settle  out  of  the  solution  or  cannot  be  removed  by  ordinary  filtratioa.  It  is, 
of  course,  necessary  to  maintain  the  mixture  at  the  temperature  at  which  satur- 
ation was  obtained  until  the  complete  separation  of  the  solution  and  solid  has 
been  effected.  The  operation  should,  therefore,  as  a  general  thing,  be  con- 
ducted in  the  same  bath  used  for  preparing  the  saturated  solution.  Several 
forms  of  apparatus  designed  for  this  purpose  are  shown  in  the  diagrams  given 
in  the  preceding  pages.  For  solutions  which  can  be  readily  separated  from  the 
undissolved  solid,  a  graduated  pipet  to  which  a  stem  with  a  plug  of  filtering 
material  can  be  attached  and  which  is  adapted  to  being  easily  weighed,  is  the 
most  convenient. 

Analysis  of  the  Saturated  Solation.  The  weight  of  a  known  volume  of  the 
perfectly  clear  solution,  that  is,  its  specific  gravity,  should  always  be  deter- 
mined. This  weighed  quantity  of  solution,  or  a  known  dilution  of  it,  furnishes 
a  very  convenient  sample  for  the  determination  of  the  amount  of  dissolved 
compound. 

In  regard  to  the  analysis,  the  procedure  must  be  selected  entirely  on  the 
basis  of  the  number  and  character  of  the  constituents  present.  In  cases  of  the 
solubility  of  single  non-volatile  compounds,  in  solvents  which  can  be  more  or 
less  easily  removed  by  volatilization,  the  plan  in  most  general  use  is  the  evap- 
oration of  a  known  amount  of  the  solution  to  dryness  and  weighing  the  residue- 
Special  forms  of  apparatus  to  be  used  for  this  purpose  have  been  proposed 
from  time  to  time.  These  are,  usually,  vessels  with  tubular  openings,  arranged 
so  that  a  current  of  dry  air  can  be  drawn  over  the  surface  of  the  heated  sample. 

In  the  cose  of  solubility  determinations  in  which  the  saturated  solution 
contains  more  than  one  dissolved  compound,  the  application  of  the  usual 
gravimetric  or  volumetric  procedures  will,  of  course,  be  necessary. 

In  certain  cases,  where  the  direct  deternunation  of  the  amount  of  the  dis- 
solved compound  present  in  the  solution  would  be  very  difficult  or  impossible, 
an  indirect  method  can  sometimes  be  used.  For  this  purpose,  a  carefully 
weighed  amount  of  the  compound  must  be  used,  and,  after  the  period  of  satur- 
ation, the  undissolved  residue  is  filtered  off  under  conditions  which  reduce 
losses  to  a  minimum  and,  after  drying  to  its  original  condition,  it  is  weighed, 
and  the  amount  which  has  been  dissolved  found  by  subtracting  the  weight  of 
the  undissolved  residue  from  the  quantity  originally  present. 

Identification  of  the  Solid  Phase.  The  solubility  of  a  compound,  which  is 
capable  of  existing  in  several  forms,  depends  upon  the  particular  form  in  which 
it  is  present  in  contact  with  the  saturated  solution.  The  question  of  the  com- 
position of  the  solid  phase  is,  therefore,  of  considerable  importance  for  the 
accurate  determination  of  solubility.  Although  the  identification  of  the  solid 
phase  presents  little  difficulty  in  the  majority  of  cases,  it  sometimes  happens 
that  it  can  be  made  only  by  a  more  or  less  indirect  method.     The  principal 
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reason  for  this  is  that  adhering  solution  can  usually  not  be  completely  removed 
from  the  solid  phase  and  the  analysis,  cousequently,  does  not  give  direct  in- 
formation of  the  required  accuracy. 

A  method  which  haa  been  used  considerably  for  identifying  the  solid  phase 
is  that  known  as  the  residue  method  of  Schrcincmakers  (1893).  It  is  based 
on  the  principal  that  if  an  analysis  is  made  of  both  the  saturated  solution 
and  of  a  mixture  of  the  saturated  sDlution  and  the  solid  phase  of  unknown 
composition,  the  two  points  so  obtained,  when  plotted  on  a  codrdinate  system, 
lie  on  a  line  connecting  the  point  representing  tlie  compositiim  of  the  solid 
phase  and  the  solubility  curve  of  the  system.  Similar  analyses  of  another 
saturated  solution  of  the  system  and  of  its  mixture  with  the  solid  phase,  locate 
another  such  line.  Since  all  lines  so  determined  when  extended,  pass  through 
the  point  representing  the  composition  of  the  solid  phase,  their  intersection 
locates  this  point  definitely. 

Although  the  original  description  of  this  method  by  Schreinemakers  was 
illustrated  by  an  example  drawn  on  the  rectangular  system  of  coordinates,  it 
has  been  used  much  more  extensively,  in  a  practical  way,  in  connection  with 
the  later  developed  equilateral  triangular  diagram.  In  this  cose,  each  apex  of 
the  trian^e  represents  one  of  the  three  components  of  the  system,  each  point 
on  a  leg,  a  mixture  of  two,  and  each  point  within  the  triangle  a  mixture  of  all 
three  components.  When  a  number  of  saturated  solutions  are  analyzed,  the 
results  correspond  to  points  on  the  solubility  curve  of  the  system.  If  now  some 
of  the  solid  phase  with  adhering  solution  la  removed  from  each  mixture  and 
analyzed,  it  is  evident  that  the  results  thus  obtained,  being  for  samples  made 
up  of  both  the  saturated  solution  and  the  solid  phase,  give  points  which  lie  on 
lines  connecting  the  two.  The  points  on  the  curve  for  the  pure  saturated 
solutions  being  known,  it  is  necessary  only  to  connect  them  with  the  points 
for  the  corresponding  mixtures  of  solid  phase  and  saturated  solution,  and  to 
prolong  the  lines  to  their  common  intersection.  This  will  necessarily  be  at 
the  point  representing  the  composition  of  the  pure  solid  phase. 

In  applying  the  residue  method  of  Schreinemakers,  if  the  intersecting  lines 
which  Gx  the  point  corresponding  to  the  solid  phase  meet  at  a  very  narrow  angle, 
definite  information  as  to  its  composition  may  not  be  secured.  For  cases 
such  as  these,  a  procedure  to  which  the  name  "tell-tale"  method  was  given  by 
Kenrick  (1908)  and  which  is  described  in  detail  by  Cameron  and  Bell  (1910), 
has  been  developed.  This  method  consists  in  adding  to  the  mixture  a  small 
amount  of  an  entirely  different  compound  which  remains  wholly  in  the  solution. 
After  equilibrium  has  l>ccn  reached,  a  portion  of  the  saturated  Bolution  and  of 
the  solid  phase  with  adhering  solution  are  analyzed,  and  the  quantity  of  the 
added  "tell-tale"  compound  in  each  determined.  From  the  result,  showing 
the  concentration  of  the  added  compound  in  the  saturated  solution,  and  the 
amount  of  it  found  in  the  mixture  of  solid  and  solution,  the  quantity  of  solution 
in  contact  with  the  solid  can  be  calcidated.  Since  the  composition  of  the 
solution  is  also  known,  the  difference  between  the  composition  of  the  solid 
plus  solution  and  of  the  amount  of  solution  known  to  be  present,  is  the  com- 
position of  the  pure  solid. 
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Tranddon  Temperatures  can  frequently  be  accurately  determined  by  rela- 
tively simple  means,  and  since  such  data  are  useful  in  establishing  fixed  pcunts 
on  solubility  curves  they  are  valuable  adjuncts  to  directly  determined  solubilhy 
data. 

Syathetic  Method.  The  procedures  which  have,  so  far,  been  mentioned 
are  all  classed  as  analytical  methods  of  solubility  determination.  Id  contra- 
dlstinction  to  these  is  the  equally  useful  reverse  process,  by  which  the  solvent 
and  solute  are  brought  together  in  previously  measured  quantities  and  the 
temperature  ascertained  at  which  the  solution  is  saturated.  To  this  pro- 
cedure the  designation  synthetic  method  of  solubility  determination  has  been 
applied.  One  of  the  earliest  investigators  to  use  this  method  extensively  was 
^exejelf  (1886)  and  it  is,  therefore,  frequently  referred  to  as  the  AlexejeS 
synthetic  method  of  solubility  determination. 

The  synthetic  method  can,  of  course,  be  used  both  for  the  solubility  of 
solids  in  liquids  and  for  liquids  in  liquids,  but  it  is  in  the  latter  case  that  it  b 
of  greatest  service.  Its  points  of  superiority,  particularly  in  the  case  of  the 
reciprocal  solubility  of  liquids,  are  that  the  upper  limits  of  the  determinations 
can  be  extended  far  beyond  the  boiling  point  temperature  and  are,  in  fact, 
limited  only  by  the  resistance  of  the  glass  to  pressure  or  to  the  action  of  the 
liquid.  Only  small  quantities  of  the  solute  and  solvent  are  required  for  a 
determination.  It  is  applicable  to  compounds  for  which  quantitative  methods 
of  analysis  are  not  available  or  are  of  a  tedious  character.  The  mixtures,  being 
contained  in  sealed  tubes,  are  not  subject  to  the  action  of  constituents  of  the 
air,  nor  are  losses,  due  to  volatilization,  to  be  feared.  Although,  in  the  case 
of  solids,  difficulties  incident  to  the  supersaturation,  resulting  from  failure  of 
the  crystals  to  separate  on  cooling,  are  encountered,  with  liquids  the  point  of 
saturation  is  made  instantly  and  strikingly  evident  by  the  beginning  of  opales- 
cence or  clouding  which  occurs,  and  errors  due  to  supersaturation  are  rarely 
encountered.  A  sure  criterion  that  supersaturation  does  not  occur  rests  on  the 
observation  of  the  temperature  at  which  the  cloudy  solution  again  clears.  If 
this  temperature  coincides  with  the  temperature  of  the  beginning  of  opalescence, 
it  is  certain  that  supersaturation  has  not  occurred.  The  observation  of  the 
temperature  of  saturation  can  be  repeated  as  often  as  desired,  and  the  accuracy 
of  the  determination  is  ordinarily  limited  only  by  the  care  taken  in  making  it. 

The  limitations  of  the  method,  aside  from  the  supersaturation  which  may 
occur  in  the  case  of  solids,  arc  principally  those  resulting  from  the  low  tem- 
perature coefficients  of  solubility  possessed  by  certain  compounds,  and  which 
usually  occur  in  the  vicinity  of  maxima  or  minima  of  solubility  curves.  Al- 
though a  "critical  clouding"  occurs  in  the  vicinity  of  the  so-called  critical 
solution  point,  this  possesses  a  characteristic  appearance  which  is  easily  dis- 
tinguishable from  the  clouding  oi>served  at  the  saturation  point,  and  errors 
of  observation  due  to  it  are  not  to  be  apprehended.  In  fact,  it  has  been  pointed 
out  that  supersaturation  disappears  at  the  critical  point,  and  the  synthetic 
method  is  ordinarily  very  accurate  in  the  vicinity  of  the  critical  solution 
temperature. 

Since,  by  the  synthetic  method  the  results  are  necessarily  obtained  under 
different  pressures,  this  question  has  been  given  consideration  from  the  the- 
oretical and  the  practical  side.  Although  it  is  possible  that  extremely  high 
pressures  would  exert  an  influence,  the  conclusion  appears  justified  that  under 
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ordinary  conditions,  in  which  pressures  of  10  atmospheres  are  not  exceeded, 
no  notable  effect  would  be  produced.  The  solubility  curves  obtained  by  this 
method  do  not  show  any  abnormalities  due  to  this  cause. 

In  the  case  of  the  determination  of  the  solubility  of  solids  by  the  synthetic 
method,  the  operation  consists  in  preparing  a  mixture  of  a  carefully  deter- 
mined amount  of  the  solvent  and  of  the  solid,  and  subjecting  it  to  gradually 
increasing  temperature  and  to  constant  agitation,  while  a  continual  observa- 
tion  of  the  changes  taking  place  in  the  solid  is  made.  When  all  but  a  few 
■mall  crystals  have  dissolved,  the  change  in  temperature  is  regulated  much 
more  carefully  and  note  is  taken  of  the  point  at  which  the  edges  of  these  final 
crystals  begin  to  change  from  sharp  to  rounded,  or  vice  versa,  or  where  the 
Hizes  of  the  particles  visibly  increase  or  diminish.  Care  must,  of  course,  be 
taken  not  to  allow  the  last  portions  of  the  solid  to  dissolve;  otherwise,  on 
cooling,  considerable  eupersaturation  may  occur  before  the  solid  begins  to  . 
separate  from  solution.  The  method  is,  naturally,  most  serviceable  where  the 
change  in  solubility  with  temperature  is  considerable,  and  where  convenient 
methods  for  the  direct  analysis  of  the  solution  are  not  available. 

The  procedure  of  a  determination  in  the  case  of  the  reciprocal  solubility  of 
liquids  consists  in  introducing  by  means  of  capiUary  funnels  weighed  amounts 
of  the  two  liquids  into  small  glass  tubes  and  sealing  the  ends.  The  amount 
of  air  space  in  the  tubes  should  be  kept  low.  Many  convenient  devices  for 
weighing  and  introducing  the  liquids  have  been  described.  Id  the  case  of  very 
volatile  liquids  it  may  be  necessary  to  introduce  them  in  thin  walled  bulbs, 
which  can  be  broken  after  the  tube  containing  the  mixture  has  been  sealed. 
The  tube  is  then  placed  in  a  large  beaker  of  water,  or  higher  boiling  liquid  if 
necessary,  and  heat  applied  until  the  contents  of  the  tube,  on  being  shaken, 
become  homogeneous.  The  temperature  is  then  allowed  to  fall  very  slowly 
and  an  observation  made,  while  the  tube  is  constantly  agitated,  of  the  tempera- 
ture of  first  appearance  of  opalescence.  This  observation  can  be  repeated  as 
many  times  as  desired  and  the  temperatures  of  appearance  and  disappearance 
of  the  clouding,  which  usually  differ  by  only  a  few  tenths  of  a  degree,  can  be 
ascertained  with  certainty. 

Since,  by  the  synthetic  method  the  data  are  for  irregular  intervals  of 
temperature,  in  order  to  obtain  results  for  a  particular  temperature  it  is  neces- 
sary to  plot  the  several  determinations  on  coordinate  paper  and  from  the 
solubility  curve  so  obtained,  read  the  value  for  the  temperature  in  question. 

Freezing-point  Method.  A  modification  of  the  synthetic  method,  which  is 
applicable  particularly  to  solutions  which  contain  relatively  large  amounts  of 
the  dissolved  compound,  is  that  which  consists  in  a  determination  of  the  freez- 
ing-point of  the  mixture.  This  point  is,  in  fact,  the  temperature  at  which  the 
separating  solid  compound  is  in  equilibrium  with  the  solution. 

The  difference  between  the  freezing-point  determination  and  the  observa- 
tion of  the  point  of  growth  or  diminution  of  a  crystal  in  a  liquid  is  that,  in  the 
former,  the  establishment  of  equilibrium  is  recognised  exclusivelj'  by  the 
change  of  the  thermometer.  The  solution  is  cooled  gradually,  during  which 
the  thermometer  sinks  slowly  to  a  point  below  the  freezing  temperature.  As 
aoon  as  the  first  crystal  appears,  either  spontaneously  or  by  intentional  intro- 
duction (seeding),  the  thermometer  rises  suddenly  to  the  freezing-point  and 
B  stationary  for  some  time. 
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This  method  can,  of  course,  be  used  in  a  large  number  of  cases  for  the 
determinatioD  of  solubility.  Those  portions  of  the  solubility  curves  of  salts 
in  water  for  which  ice  is  the  solid  phase,  are  practically  always  determined  in 
this  way  and  it  may  be  said,  in  general,  that  for  determinations  made  at  low 
temperatures,  the  freezing-point  method  is  to  be  selected  whenever  poanble. 

For  the  practical  execution  of  the  method  the  very  well  known  apparatus 
of  Beckmann  is  most  convenient  and  satisfactory.  The  detenniaations  must, 
of  course,  be  made  with  all  the  refinements  which  have  been  developed  for 
accurate  freezing-point  measurements. 

The  method  has  been  used  extensively  for  the  discovery  of  addition  com-  | 
pounds.  Its  use  for  this  purpose  is  based  upon  the  principle  that  if  to  a  pure 
compound,  A,  a  second,  B,  is  added,  the  freezing-point  ot  A'la  lowered;  ami- 
larly  the  freezing-point  of  B  is  lowered  by  A,  and  the  two  descending  curves 
thus  obtained  intersect  at  the  eutcctic.  If,  however,  a  compound,  AiB,  is 
formed,  this  also  acts  as  a  pure  substance  and  its  freezing-point  is  lowered  by 
either  A  or  B.  Hence  the  freezing-point  lines  do  not  meet  at  a  single  eutectic 
but  exhibit  in  this  case  a  maximum,  the  position  of  which  indicates  the  com- 
position of  the  compound. 

Volume  Change  Method.    Still  another  method,  which  is  a  modification  of 
the  synthetic,  is  that  designed  to  indicate  the  reciprocal  solubility  of  liquids  by 
a  determination  of  the  volume  changes  which  occur  when  two  relatively  spar- 
ingly miscible  liquids  are  shaken  together  in  a  closed  vessel.     The  apparatus 
consists  usually  of  a  cylindrical  receptacle  which  is  provided  with  a  constricted 
graduated  section  either  at  one  end  or  near  the  middle.     Such  volumes  of    j 
liquids  are  chosen  that  the  meniscus  separating  them  lies  in  the  constricted 
graduated    tube.     The   determination   consists   in   superimposing    measured  i 
volumes  of  each  liquid  and  noting  the  position  of  the  meniscus  before  and  I 
after  a  period  of  shaking  at  constant  temperature.     From  the  increase  or  1 
decrease  of  volume  of  the  two  layers,  as  estimated  from  the  change  in  portion    ■ 
of  the  meniscu.s,  the  reciprocal  solubility  of  the  two  liquids  is  calculated.     It  is    j 
to  be  noted,  however,  that  the  solubility  of  liquids  is  in  practically  all  cases    1 
reciprocal,  and  without  an  analysis  of  the  two  layers  the  true  solubility  can    I 
not  usually  be  deduced.  j 

Titration  Method.    A  special  case  of  the  reciprocal  solubility  of  liquids  is    \ 
that  representing  equilibrium  in  ternary  systems  yielding  two  liquid  layers. 
Such  equilibria  arc  usually  determined  by  relatively  simple  titration  pro- 
cedures, but  for  the  interpretation  and  description  of  the  results,  special  terms 
have  been  developed  and  these  require  more  or  less  detailed  explanation. 

When  a  third  liquid  Is  added  to  a  mixture  of  two  others  which  are  miscible 
to  only  a  slight  extent,  the  added  liquid,  if  soluble  in  each  of  the  others,  will 
distribute  itself  between  the  two  and  an  equilibrium  will  be  reached.  If  the 
two  layers  are  then  analyzed  and  the  results  plotted  on  coordinate  paper,  two 
points,  corresponding  to  the  two  layers,  will  be  obtained.  If  more  of  the  third 
liquid  is  added,  equilibrium  will  again  be  established  after  a  short  period  of 
shaking  and  the  analysis  of  the  two  layers,  to  which  the  designation  coiywffflte 
layers  has  been  given,  will  fix  two  more  points  when  plotted  on  the  coordinate 
paper.  The  process  may  be  repeated  until  a  considerable  number  of  points 
have  been  obtained.  When  this  has  been  done,  it  will  always  be  found  that 
these  points  arc  the  locus  of  a  smooth  curve,  to  which  the  designation  bittodol 
curve  has  been  given.    If  the  pairs  of  points  corresponding  to  tbe  conjugate 
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layera  are  connected,  the  lines  so  obtained  are  defined  as  lie  lines.  Since  it  is 
evident  that  with  the  continued  addition  of  the  third  or  consotvle  liquid,  a 
point  must  finally  be  reached  at  which  the  resulting  mixture  will  no  longer 
separate  into  two  conjugate  layers,  the  tie  lines  successively  determined  as 
above  described,  will  become  shorter  and  shorter  until  finally  the  last  one  is 
reduced  to  the  point  corresponding  to  the  homogeneous  mixture  of  the  three 
components.     To  this  is  given  the  name  plait  point. 

Although  for  the  above  example  a  ternary  system  made  up  of  three  liquids 
has  been  taken,  there  are  a  large  number  of  salts  and  other  solid  compounds 
which,  when  dissolved  in  mixtures  of  liquids  of  certain  concentrations,  cause 
the  latter  to  separate  into  conjugate  liquid  layers.  These  systems  have  aroused 
much  interest  from  time  to  time  and  considerable  data  for  them  are  given  in 
the  literature. 

Since  it  is  usually  difficult  and  frequently  impossible  to  analyze  directly  a 
homogeneous  mixture  of  liquids,  and  thus  determine  the  points  on  a  binodal 
curve,  a  simple  titration  method  for  this  purpose  has  come  into  general  use. 
By  means  of  this  a  homogeneous  mixture  of  known  amounts  of  two  of  the 
components  is  titrated  with  the  third  just  to  the  point  of  initial  separation  of 
the  second  layer,  which  is  usually  very  sharply  indicated  by  the  appearance  of 
clouding  or  opalescence.  The  procedure  may  also  be  reversed  and  the  con- 
solute  liquid  added  just  to  the  point  of  clearing  of  the  cloudy  mixture  of  the 
other  two.  By  this  plan  the  synthetically  derived  composition  of  one  of  the 
two  conjugate  layers  and  thus  of  one  point  on  the  binodal  curve  is  known. 
The  determination  of  the  tie  line  and  therefore,  the  identification  of  the  cor- 
responding point  on  the  curve  for  the  conjugate  liquid,  requires  an  additional 
experiment  for  its  location.  Several  procedures  for  this  purpose  have  been 
developed.  They  usually  depend  upon  the  determination  of  one  or  more 
constants  of  specially  prepared  pairs  of  conjugated  liquids,  such  as  their  specific 
gravities  or  refractive  indices.  In  the  case  of  mixtures  of  which  one  member 
can  be  easily  determined  analytically,  tie  lines  can  be  located  by  the  quanti- 
tative determination  of  this  member  in  pairs  of  conjugated  liquids. 

In  general,  the  titration  method  for  the  determination  of  the  solubility  of 
liquids  is  applicable  to  many  cases.  The  facts,  thaf  equilibrium  is  attained 
BO  promptly  in  liquids  and  that  the  evidence  of  the  appearance  of  a  second 
insoluble  layer  is  usually  so  striking,  make  it  of  great  value.  Refinements 
have  been  introduced  such  as  the  addition  of  liquid  or  solid  dyes  to  the  mix- 
ture in  order  to  facilitate  the  detection  of  the  end  point,  and  the  development 
of  particular  forms  of  apparatus  for  measuring  and  weighing  the  liquids. 
The  constituents  of  the  mixtures  are  usually  weighed  but  the  volume  relations 
and,  therefore,  the  specific  gravities  can  also  be  approximately  estimated,  by 
using  graduated  vessels  for  making  the  titrations,  and  measuring  in  them  the 
volumes  of  the  final  mixtures. 

As  a  usual  thing  the  temperature  coefficients  are  not  very  great  in  the 
ease  of  liquid  mixtures  and  the  very  accurate  control  of  the  temperature  is  not 
imperative.  When  such  control  is  necessary,  however,  the  use  of  a  thermostat 
does  not  seriously  complicate  the  determination. 
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Distribution  Coefficients.  As  mentioDed  above,  when  a  third  compound 
is  added  to  a  mixture  of  two  liquids  which  are  relatively  imnuscible,  it  will 
dissolve  to  a  certain  extent  in  each  and  the  composition  of  the  two  layers 
represent  conjugutc  points  on  the  binodal  curve  for  the  system.  The  reBuIts 
are,  however,  of  interest  from  another  point  of  view,  namely  that  of  the  dis- 
tribution of  the  compound  between  the  two  solvents.  This  distribution  ooef- 
Gcient  is,  in  many  cases,  of  considerable  interest  in  connection  with  analytical 
methods  based  on  shaking  out  procedures  and  also  in  connection  with  such 
problems  as  the  molecular  state  of  compounds  in  solution,  their  dissociation 
and  other  points  of  theoretical  interest.  Distribution  coefficients  have,  there- 
fore, been  studied  to  a  large  extent  and  much  data  for  them  are  avidlaUe. 
In  general,  the  determinations  are  made  by  relatively  simple  methods.  The 
amount  of  the  compound  present  in  a  definite  amount  of  each  layer,  after  eqin- 
librium  has  been  established  by  adequate  agitation,  is  determined  in  any  man- 
ner most  convenient.  If  the  total  amount  of  solute  is  known,  and  that  found 
in  one  layer,  the  amount  in  the  other  can,  of  course,  be  calculated  by  difference. 
The  results  are  usually  expressed  on  the  volume  basis,  since  it  is  the  ratio  of 
the  amounts  present  in  the  same  molecular  state  in  equal  volumes  of  the  two 
layers  which  is  a  constant,  independent  of  temperature  and  concentration. 

It  is  evident  that  when  the  concentration  at  the  saturation  point  is  con- 
sidered, the  amount  of  the  compound  which  enters  each  layer  depends  upoa 
its  solubility  in  the  liquid,  consequently  the  distribution  coefficient  is  the 
relation  of  the  solubilities  of  the  dissolved  substance  in  the  two  solvents. 
Variations  from  this,  aside  from  changes  in  molecular  state,  etc.,  in  one  or  the 
other  solvent  are  due  to  such  causes  as  the  reciprocal  solubility  of  the  so-called 
immiscible  solvents,  which  will,  of  course,  be  Influenced  by  the  presence  of  the 
dissolved  compound,  especially  at  the  higher  concentrations.  Variations  of 
the  coefficient  with  temperature  would  result  in  cases  where  the  solubilities 
of  the  compound  in  the  two  solvents  do  not  change  at  the  same  rate  with 
temperature. 

Electrolytic  Conductivity  Method.  Of  the  physical  properties  which  can 
be  used  for  the  determination  of  the  concentration  of  a  solution,  such  as 
specific  gravity,  refractive  index,  etc.,  the  electrolytic  conductivity  is  of  par- 
ticular value  in  the  case  of  those  very  sparingly  soluble  compounds  which  yield 
solutions  too  dilute  to  be  analyzed  by  gravimetric  or  volumetric  methods. 
By  its  use  the  progress  of  the  saturation  can  be  followed  without  separating  the 
undissolved  solid  from  the  solution,  or  even  removing  the  portion  used  for  the 
determination.  The  special  electrical  equipment  which  is  required,  however, 
and  the  need  for  water  of  exceptional  purity  and  of  vessels  of  particular  quali- 
ties, restrict  its  general  use. 

The  method  of  calculating  the  concentration  from  the  conductivity  b  based 
on  the  assumption  that  at  the  very  great  dilutions  involved,  complete  disso- 
ciation occurs.  Therefore,  the  limiting  value  to  which  the  equivalent  con- 
ductivity approaches  at  infinite  dilution  Is,  for  practical  purposes,  attained, 
and  A=ABi=io+'*,  where  la  and  /*  are  the  ionic  conductivities  of  the  anions 
and  kations.  These  values  are  known  for  all  the  principally  occurring  ions. 
The  observed  specific  conductivity  k  is,  however,  connected  with  the  equivalent 
conductivity  and  the  concentration  tj  by  the  equation  A  =  k/i).  In  which  q  repre- 
sents the  concentration  iu  gram-equivalents  per  cubic  centimeter.  Rearrange- 
ment and  substitution  give  j]  =  Kl{lg+h)-     From  this  equation  the  solubility 
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of  the  substance  under  investigation  ia  calculated  by  substituting  the  measured 
specific  conductivity  of  the  solution  and  the  known  values  of  the  ionic  con- 
ductivities. 

The  Solubility  of  Gases  in  Liquids.  When  a  gas  and  a  liquid  are  intimately 
mixed  by  shaking,  a  definite  amount  of  the  gas  will  be  dissolved  by  the  liquid 
and,  simultaneously,  the  vapor  of  the  liquid  will  mix  with  the  gas  in  the  space 
above  the  liquid.  The  partial  pressure  of  the  liquid  in  the  gas  space  is  almost 
exactly  the  same  as  that  of  the  pure  liquid  at  the  solution  temperature,  since 
the  influence  of  the  relatively  slight  amount  of  dissolved  gas  is  insignificant 
in  by  far  the  most  oases.  The  amount  of  gas  wliich  is  dissolved  depends  both 
on  the  nature  of  the  gas  and  of  the  liquid  and  is,  furthermore,  a  function  of  the 
temperature,  and  pressure. 

In  regaril  to  the  influence  of  pressure,  the  absorption  law  of  Henry  holds  for 
the  most  part,  when  the  gas  solubility  is  not  too  great.  According  to  it,  the 
amount  of  pure  gas,  which  is  taken  up  at  constant  temperature  by  a  given 
amount  of  liquid  is  proportional  to  the  pressure  of  the  gas. 

The  temperature  acts  almost  always  in  the  sense  that  the  solubility  decreases 
as  the  temperature  rises. 

The  solubilities  of  gases  are  usually  expressed  either  in  terms  of  the  Bunsen 
"Absorption  Coefficient"^,' or  the  Ostwald  "Solubility  Expression"  l* 

The  experimental  methods  for  the  determination  of  the  solubility  of  gases 
vary  according  to  the  nature  of  the  gas.  For  those  which  dissolve  in  relatively 
large  amounts  and  can  be  analytically  determined  with  accuracy,  the  saturated 
solution  may  be  analyzed  by  ordinary  quantitative  methods.  Thus,  in  the 
cose  of  the  solubility  of  sulfur  dioxide  in  aqueous  solutions  of  salts,  the  solu- 
tions were  saturated  by  passing  a  stream  of  the  gas  through  them  at  atmospheric 
pressure  and,  when  equilibrium  was  attained,  a  measured  portion  of  the  solution 
was  withdrawn,  transferred  to  an  excess  of  standardized  iodine  solution  and  the 
excess  of  the  latter  titrated  with  thiosulfate.  A  gravimetric  procedure  was 
used  by  Christoff  (1905)  for  the  determination  of  the  solubility  of  carbon  dioxide 
in  aqueous  salt  solutions.  In  this  case  the  solutions  were  weighed  before  and 
after  the  passage  of  the  gas  through  them  and  the  increase  in  weight,  after 
applying  necessary  corrections,  taken  to  represent  the  solubility  at  the  tempera- 
ture of  the  experiment  and  at  atmospheric  pressure.  The  absorption  flasks  were 
of  special  shape  and  the  gas  was  previously  passed  through  a  series  of  U  tubes, 
containing  the  same  aqueous  solution,  in  order  to  prevent  loss  of  water  from  the 
experimental  solution  which,  othern-ise,  would  have  occurred. 

'iJ  »  the  Bunsen  Absorption  Coefficient  which  signifiefl  the  volume  (f)  of  the  gas  (re- 
duces to  0°  and  760  mm.)  token  up  by  unit  voluniR  (V)  of  the  liquid  when  the  pressure 
o(  the  gas  itself  minus  the  vapor  tcnuoa  of  the  solvent  is  760  mm. 

^  "  K  (rT'O.00367'0  ■ 

*f  —  the  Ostwald  Solubility  Expression  which  represents  the  ratio  of  the  volume  (n) 
of  gas  absorbed  at  any  presure  and  temperature,  to  the  volume  (V)  of  the  absorbing 

liquid,  i.e.  t  •=  y.  This  exprcBsion  diJTers  from  the  Bunsen  Absorption  CoefBcent,  p,  in 
that  the  volume  (r)  of  the  dissolved  naa  is  not  reduced  to  0°  and  760  mm.  The  solubility 
I  b  therefore  the  volume  of  gas  dissolved  by  unit  volume  of  the  solvent  at  the  tempera- 
ture of  the  experiment.    The  two  expressions  are  related  thus : 

i  -  « (1  +  0.003$;  I),       s-  ,T^  n-LsTTi  • 
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In  the  great  majority  of  cases,  however,  gas  solubility  is  determined  by  a 
method  based  upon  the  measurement  of  the  volume  of  the  gas  absorbed.  The 
apparatus  consists  essentially  of  an  absorption  flask  for  the  liquid,  connected 
by  means  of  a  tube  of  small  bore  to  a  graduated  buret  in  which  the  guis 
measured  above  mercury,  the  level  of  which  can  be  altered  by  raising  or  lowering 
a  container  connected  with  the  buret  by  means  of  a  rubber  tube.  Many  fcHina 
of  this  apparatus  have  been  described  and  the  disadvantages  of  the  eailin 
forms  have  gradually  been  remedied,    A  relatively  simple  form  of  this  appa^ 


Fio.190.  McDaniersapparatusfordeterminiDggasBolubilitiee.         Fia.  191. 


atua,  but  one  which  embodies  the  essential  features  required  for  accuracy,  is 
that  described  by  McDaniel  (1911)  for  the  determination  of  the  solubility  of 
methane,  ethane  and  ethylene  in  a  large  number  of  organic  solvents  at  various 
temperQtures, 

This  apparatus  is  shown  in  Fig.  190.  A  is  an  ordinary  gas  buret  and  B  an 
absorption  pipet  of  the  form  first  used  by  Ostwald,  "The  buret  and  pipet 
are  connected  by  means  of  the  glass  capillary  M  sealed  directly  onto  each,  so 
that  the  whole  forms  one  solid  piece  of  glass  apparatus  without  rubber  or  cement 
connections  of  any  kind;  thus  any  possibility  of  leaks  from  these  extremely 
troublesome  sources  is  entirely  avoided.  The  whole  apparatus  is  clamped 
solidly  to  a  rigid  support  so  that  it  can  be  taken  up  in  the  hands  and  shaken 
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for  the  purpose  of  bringing  the  gas  into  intimate  contact  with  the  liquid.  The 
pipet  aod  buret  are  each  provided  with  a  three-way  stopcock,  C  and  D.  These 
can  be  turoed  in  such  a  way  as  to  allow  the  gas  to  sweep  out  the  air  from  the 
connecting  capillary.  By  the  same  means  the  two  vessels  may  also  be  con- 
nected directly  with  each  other  as  well  as  separately  with  the  outside  air  or 
source  of  gas  supply.  The  pipet  and  buret  are  each  provided  with  a  water 
jacket,  P  and  Q.  The  temperature  of  each  is  regulated  by  means  of  the 
electrically  heated  coils  K  and  L."  These  coils  are  of  manganin  wire  and  are 
connected  in  series.  The  rate  of  evolution  of  heat  in  the  jackets  was  adjusted 
in  the  first  place  by  varying  the  length  of  the  manganin  wire,  until  the  tempera- 
ture was  the  same  in  each  jacket.  Stirring  was  accomplished  by  blowing  air 
through  the  tubes  1  and  J.  The  differences  in  temperature  between  the  pipet 
and  buret  were  never  greater  than  0.1°. 

In  carrying  out  a  determination  by  this  method  it  is,  of  course,  necessary 
that  the  solvent  be  completely  free  of  dissolved  air  or  other  gas.  This  is  per- 
haps the  most  important  part  of  the  determination  and  a  special  form  of  appar- 
atus for  the  purpose  is  described  by  McDaniel  (1011)  and  is  shown  in  Fig.  191. 
"The  liquid  was  boiled  under  diminished  pressure  in  the  flask  C  attached 
directly  to  the  lower  opening  of  the  pipet  by  means  of  the  rubber  stopper  as 
shown  in  the  figure.  Connection  with  the  oir  pump  is  made  at  D.  During  the 
boiling  the  lower  opening  of  the  inlet  tube  E  is  above  the  surface  of  the  liquid 
in  C,  the  stopcock  B  being  closed.  When  the  air  has  been  completely  expelled, 
the  screw  pinchcock  F  is  closed  while  the  air  pump  is  still  in  operation.  The 
flask  C  is  now  raised  until  the  lower  end  of  E  reaches  nearly  to  the  bottom  of  the 
flask.  The  air  pump  is  now  connected  at  G  and  the  cock  H  opened  so  as  to 
make  connection  with  the  pipet.  B  is  now  opened  and  the  inflow  of  air 
through  D  regulated  by  gradually  opening  F  in  such  a  manner  that  the  liquid 
is  very  slowly  forced  up  into  the  pipet.  In  this  manner  the  liquid  never  comes 
into  contact  with  the  air  under  full  atmospheric  pressure  but  only  under  greatly 
diminished  pressure.  The  absorption  of  air  under  these  conditions  can  only 
be  inappreciable,  especially  since  the  liquid  in  the  flask  remains  perfectly  quiet, 
and  only  the  lower  portion  is  used." 

Having  filled  the  pipet  B,  Fig.  190,  with  the  air-free  solvent  as  just  described, 
"  T  is  connected  with  the  source  of  gas  supply  and  the  cocks  C  and  D  are  turned 
in  such  a  way  as  to  allow  the  gas  to  sweep  out  the  air  from  the  capillary,  M. 
The  buret  is  then  filled  in  the  usual  manner  by  lowering  the  leveling  tube  F, 
the  cock  D  having  been  turned  so  as  to  connect  T  with  E.  Care  is  taken  to 
keep  the  entering  gas  under  a  slight  pressure  by  keeping  the  mercury  level  in  F 
slightly  above  that  in  A.  This  prevents  air  from  entering  through  any  leaks 
in  the  train  connecting  the  gas  generator  with  the  buret."  The  gas  must  be 
completely  saturated  with  the  vapor  of  the  solvent  and  tliis,  with  other  than 
aqueous  solvents,  may  require,  in  addition  to  drawing  it  through  some  of  the 
aolvent  in  H,  that  a  thin  layer  be  placed  in  the  buret  and  time  allowed  for  it  to 
saturate  the  gas  sample. 

"After  again  allowing  the  current  of  gas  to  flow  through  the  capillary  M 
for  a  short  time  the  buret  and  pipet  are  connected  with  each  other  by  turning 
the  three-way  cocks  D  and  C  in  the  proper  direction.  The  determination  of 
the  amount  of  absorption  is  then  made  as  follows:  A  portion  of  the  gas  is 
passed  into  the  pipet  by  raising  F  and  opening  G,  the  displaced  liquid  being 
caught  in  a  graduated  cylinder.  The  cock  C  is  closed  and  the  gas  and  liquid 
in  the  pipet  brought  into  intimate  contact  with  each  other  by  shaking  the  whole 
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apparatus.  C  is  now  opened  to  allow  gas  to  enter  from  the  buret  fo  replace 
that  abaorbed.  This  process  is  repeated  until,  on  opening  C,  there  b  no  further 
decrease  in  the  volume  of  gas  in  A.  The  volume  absorbed  is  found  by  sub- 
tracting from  the  original  volume  of  gas,  the  volume  remaining  in  the  buret 
plus  the  volume  in  the  pipet.  The  volume  of  gas  in  the  pipet  is  equal  to  the 
volume  of  liquid  drawn  off.  The  volume  of  liquid  remaining  is  easily  calcu- 
lated from  the  known  volume  of  the  pipet.  The  absorption  coefficient  or 
'solubility'  is  the  ratio  of  the  volume  of  gas  absorbed,  measured  at  the  tempers' 
ture  of  the  experiment,  to  the  volume  of  the  saturated  liquid.  It  may  he 
reduced  to  the  coefficient  used  by  Bunsen  by  dividing  by  (1+cd)." 

In  the  case  of  the  majority  of  investigators  who  have  used  this  method, 
particularly  for  determinations  at  high  or  low  temperatures,  the  absorption 
pipet  has  been  kept  at  the  temperature  of  the  experiment  and  the  gas  measuring 
buret  at  room  temperature,  the  two  being  connected  by  means  of  a  flexible 
capillary  which  permits  the  absorption  pipet  to  be  indepen<lently  shaken. 
This  arrangement  makes  it  necessary,  in  calculating  the  absorption  coefficients, 
to  apply  the  usual  corrections  for  temperature  and  vapor  pressure  to  the 
volume  of  gas  in  the  buret.  This  is  a  complication  which  in  some  cases  causes 
uncertainties  in  regard  to  the  accuracy  of  the  results  as  finally  calculated. 

An  apparatus  designed  for  determinations  at  very  high  pressures,  using  a 
Caillet  compression  tube,  is  described  by  Sander  (1911-12).  It  was  used  for 
determination  of  the  solubility  of  carbon  dioxide  in  water,  alcohols,  and  other 
organic  solvents.  The  principle  involved  is  that  the  pure  gas  is  first  com- 
pressed above  mercury  in  a  graduated  tube  and  the  volumes  corresponding  to 
given  pressures  noted.  Similar  readings  are  then  taken  for  the  same  gas  after  a 
small  accurately  measured  amount  of  solvent  has  been  introduced  into  the 
graduated  tube.  The  difference  between  the  two  volumes  at  the  same  tem- 
perature and  pressure,  reduced  to  1  kg.  per  sq.  cm.  and  1  cc.  of  liquid,  repre- 
sents the  solubility  of  the  gas  in  the  given  solvent. 

Finally,  attention  should  be  called  to  the  method  of  determination  of  gas 
solubility  based  on  the  principle  that,  for  volatile  solutes  which  obey  the  laws 
of  Dalton  and  Henry,  the  amount  which  is  carried  away  by  an  inert  gas  when 
known  volumes  are  bubbled  through  solutions  of  known  strength  of  volatile 
solute,  can  be  used  to  measure  the  comparative  solubilities  in  solvents  of  differ- 
ent concentrations.  An  example  of  this  method  is  the  determination  of  the 
solubility  of  ammonia  iu  aqueous  salt  solutions  by  Alugg  and  Riesenfeld  (1902). 
The  very  ingenious  apparatus  consists  of  a  generator  for  developing  a  stream 
of  Hi+Oj  from  aqueous  NaOH,  by  means  of  an  electric  current  measured  with 
the  aid  of  a  copper  voltmeter,  and  the  volume  of  gas  thus  determined.  This 
was  parsed  through  a  spiral  in  the  vessel  containing  the  ammonia  solution  of 
known  concentration.  The  mixed  gases  passing  out  of  this  were  received  in  a 
third  vessel  containing  5  cc.  of  0.01  n  HCl.  Electrodes  were  provided  in  this 
vessel  and,  by  means  of  conductivity  measurements,  the  point  determined  at 
which  all  of  the  HCl  became  saturated  with  NHj.  Since  the  volume  of  the 
Hj+O]  required  for  this  purpose  was  known,  the  partial  pressure  of  the  NHj 
in  the  mixture  could  bo  directly  ascertained.  Comparative  determinations  of 
the  vapor  pressure  of  the  ammonia  in  water  and  a  series  of  salt  solutions  made 
in  thLs  way  were  calculated  to  ammonia  solubilities  on  the  basis  of  the  relation 
that,  for  two  solutions  of  equal  ammonia  content,  the  ammonia  pressure  is 
reciprocally  proportional  to  the  solubility  of  the  ammonia  in  them. 
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GENERAL  OUTLINE   FOR  SAMPLING   SOLIDS 

[ntroduction 

An  accurate  and  uniform  sampling  procedure,  applicable  to  all  solid 
materials  from  the  viewpoiDt  of  both  producer  and  consumer,  would  necessitate 
the  standardization  of  an  infinite  number  of  details,  and  probably  result  in  a 
very  cumbersome  and  impractical  manipulation.  It,  therefore,  appears  ad- 
visable to  first  consider  the  various  steps  of  the  process  of  sampling,  attempting 
their  standardization  and  then  applying  this  standardization  to  each  particular 
product  or  group  of  related  products. 

The  process  of  sampling  is  divided  into  three  major  operations: 

1.  The  collection  of  the  "gross"  sample. 

2.  The  reduction  of  the  "gross"  sample  to  a  proper  and  convenient  size  for 

transportation  to  the  laboratory. 

3.  The  preparation  of  the  sample  for  analysis. 

These  essential  points  and  the  accuracy  with  which  they  are  performed 
determines  the  value  of  the  subsequent  analytical  results.  Experimental 
data  and  general  mathematical  deductions  make  it  possible  to  standardize 
these  operations  with  a  fair  degree  of  accuracy. 

Sampling  Unit 

The  sampling  unit  may  be  defined  as  that  portion  of  the  material  which  is 
chosen  in  such  a  manner  that  there  is  a  high  probability  that  it  will  contain 
the  different  sized  particles  of  the  material  in  the  proportion  in  which  they 
occur  in  the  entire  bulk  of  the  material.  Providing  there  are  no  great  un- 
controllable irregularities  in  the  material,  the  sampling  unit,  if  taken  under 
carefully  prescribed  conditions  for  each  different  class,  should  be  properly 
representative  of  the  material.  However  in  order  to  obviate  the  necessity  of 
specifying  in  great  detail,  and  to  guard  against  unforeseen  sectional  variations 
in  the  material,  it  is  more  expedient  to  select  a  number  of  sampling  units, 
these  depending  upon  the  size  of  the  shipment  to  be  sampled,  and  combine 
these  sampling  units  into  one  large  sample  called  the  "Gri^s  Sample." 

The  character  of  the  material,  size  of  the  various  particles,  uniformity  of 
composition  and  the  prominence  of  any  one  or  more  constituents  are  factors 
governing  the  determination  of  the  amount  to  be  taken  as  the  sampling  unit. 
Without  considering  a  mathematical  discussion  of  the  modulus  of  precision 
of  a  condition  which  would  be  impossible  of  duplication  and  in  view  of  the 
experimental  data  compiled  on  the  sampling  of  coal,  it  is  safe  to  adopt,  as  the 
general  sampling  unit,  an  amount  of  material  equal  to  approximately  500  times 
the  weight  of  the  largest  particle.  If  this  is  impractical,  due  to  the  presence 
of  very  large  particles,  and  the  material  cannot  be  reduced  by  passing  it 
through  B  crusher,  it  will  be  necessary  to  reduce,  by  hand,  the  large  particles 
It  the  various  sampling  points  so  that  the  correct  proportion  of  lai^  particles 
can  be  included  in  the  sampling  unit.  In  some  cases,  however,  a  different 
bulk  of  sampling  unit  will  be  found  necessary. 

I  Chief  Chemist,  General  Chemical  Company. 
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Collection  of  the  Gross  Sample 

The  amount  of  material  to  be  included  in  the  gross  sample  depends  more 
upon  the  size  of  the  individual  particles  than  upon  the  size  of  the  shipment 
since  it  is  simply  a  multiple  of  the  sampling  unit.  When  the  shipment  is 
large  and  frequent  sectional  variations  do  not  prevail,  and,  it  is  being  tran»- 
ferred  by  containers  with  a  capacity  approximately  eqaal  to  the  sampling 
unit,  it  is  advisable  to  take  the  entire  contents  of  a  definite  percentage  of  the 
containers  as  increments  of  the  gross  sample. 

When  the  accumulated  gros.^  sample  is  too  large  to  handle  convenieDtly 
as  a  unit,  it  is  permissible  to  reduce  the  gross  sample  in  small  sections  by  the 
standard  procedure  and  subsequently  combine  the  reduced  portions  in  the 
correct  ratio. 

I.  From  Carload  Lots 

(a)  When  the  Material  is  to  he  Unloaded  from  Flat-bottomed  Cars.— 
Divide  the  top  surface  of  the  car  into  eight  equal  areas  and,  from  each  of  these 
sections,  take  approximately  the  equivalent  of  one  samphng  unit  in  the  follow- 
ing manner:  From  a  stable  bank  of  the  material,  beginning  from  the  bottom, 
take  with  a  shovel,  at  regular  and  equal  intervals  from  the  bottom  to  the  top 
of  the  bank,  ten  equal  portions  of  the  material  as  specified.  Combine  these 
sampling  units  for  the  gross  sample. 

The  stable  bank  may  be  obtained: 

1.  By  digging  down  to  the  bottom  of  the  car  at  the  center  of  each  section. 

2.  As  the  center  of  each  section  of  the  car  h  reached  during  the  ordinary 
process  of  unloading  by  shoveling  or  otherwise. 

ib)  When  the  Material  is  Being  Transferred  from  or  to  the  Car  by  Means 
of  Wheelbarrows,  Tram-cars,  Wagons,  Etc. — Take  the  specified  increment 
according  to  the  material  in  question  from  a  specified  number  of  conveying 
containers.  Combine  these  increments  for  the  gross  samjile.  When  at  any 
point  a  particle  is  encountered  which  is  larger  than  the  specified  increment 
it  should  be  broken  down  and  a  portion  of  it  included  in  the  sample. 

(c)  When  the  Material  is  Dumped  from  a  Hopper  Car  into  a  Hopper,  Bin 
or  PQe.— Under  these  conditions,  the  sample  is  taken  from  the  resulting  cone- 
shaped  pile  by  beginning  at  the  bottom  outer  edge  of  the  pile  and  taking  the 
specified  increment,  accor<ling  to  the  character  of  the  material,  e\ery  two  feet 
on  a  straight  line  to  the  apex  of  the  cone.  This  operation  is  repeated  on  each 
quadrant  of  the  pile.  The  entire  procedure  is  repeated  after  each  car  has 
been  dumped  and  all  increments  combined  for  the  gross  sample. 

2.  From  Wheelbarrows,  Barrels,  Bags,  Tram  Cars,  Carts,  Trays,  Ete. 
(a)  From  a  specified  number  of  containers,  take  the  specified  increment 
and  combine  them  for  the  gross  sample. 

(6)  Take  the  entire  contents  of  every  nth  container  and  combine  them  for 

the  gross  sample. 

(c)  If  the  matcrini  is  fairly  uniform  and  composed  of  small  particles,  sample 
the  container  by  taking  ten  equal  specified  increments  uniformly  distributed 
on  two  right  angle  diagonals  across  the  surface  of  the  container.    Sample  the 
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specified  number  of  oontoiners  in  this  way  and  combine  the  several  portions 
for  the  gross  sample. 

3.  From  Crane  Buckets,  Cars,  Carts  and  Similar  Containers,  Chutes,  Etc. 

(a)  If  one  container  amounts  to  less  than  one  sampling  unit,  take  every 
10th  load  and  combine  these  for  the  gross  sample. 

(6)  If  one  container  amounts  to  approximately  1-3  sampling  units,  take 
every  20th  load  and  combine  these  for  the  gross  sample. 

(c)  If  one  container  amounts  to  more  than  three  sampling  units,  take  every 
50th  load  and  combine  these  for  the  gross  sample.  Note:  When  very  large 
shipments  are  being  sampled  by  the  above  procedures  very  large  gross  samples 
will  result  which  would  be  difficult  or  inconvenient  to  reduce  to  tlie  laboratory 
sample.  In  this  case  the  gross  sample  may  be  reduced  periodically  as  follows. 
At  regular  intervals,  representing  a.  definite  number  of  tons,  the  gross  sample  is 
quartered,  one  quarter  reserved  and  three  quarters  returned  to  the  main 
bulk.  The  total  combined  quarters  thus  reserved  are  mixed  by  sboveling 
into  a  cone  .shaped  pile  and  then  further  reduced  by  the  Standard  Procedure 
to  the  laboratory  sample. 

(d)  When  the  material  is  composed  of  particles  one  inch  or  less  in  size,  take 
a  specified  increment  from  every  nth  container. 

(e)  When  the  material  is  being  dumped  into  a  crusher  from  which  it  flows  or 
isflowing,  from  a  drying  kiln  or  other  process  kiln,  the  material  may  be  sampled 
by  taking  specified  increments  from  the  outflowing  stream  at  stated  regular 
intervals. 

4.  From  Shipholds,  Scows,  Hoppers,  Hopper-cars,  Bins,  Storage  Piles,  Etc. 
In  this  case  the  material  may  be  sampled  in  any  of  several  ways. 

(a)  According  to  the  previous  section  3,  while  loading  or  unloading. 

(b)  According  to  the  section  1,  for  carloads  while  unloading  or  loading. 

(c)  While  UKing  material  from  a  storage  pile,  daily  or  periodic  samples  may 
be  taken  as  follows:  On  ten  vertical  lines  from  the  bottom  to  the  top  of  the 
face  of  the  pile  distributed  at  uniform  distances  across  the  face,  take  ten  equal 
specified  increments  at  equal  distances  from  bottom  to  top.  Combine  these 
increments  for  the  gross  sample  over  any  desired  period. 

5.  For  Powdered  Material 

When  the  material  is  a  fine  powder  or  is  composed  chiefly  of  material  under 
2  mm.  and  contains  a  small  amount  of  unsegregated  particles  up  to  10  mm. 
in  the  largest  dimension,  the  sampling  unit  is  taken  by  means  of  a  specially 
designed  thief  (Fig.  192-1)  or  by  means  of  a  suitable  shovel,  dipper,  etc. 

(a)  From  large  shipments,  as  shipholds,  scows,  barges,  cars,  etc.  On  a 
line  through  the  center  of  the  holder  lengthwise,  take  portions  with  the  thief 
every  five  feet.  Repeat  this  operation  on  each  of  two  lines  parallel  with  and 
half  way  between  the  first  line  and  each  side  of  the  holder.  Combine  all  the 
portions  for  the  gross  sample.  If  the  shipment  is  composed  of  more  than 
one  holder,  combine  the  portions  from  each  holder  into  a  composite  gross 
sample. 
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Fio.  192.    Apparatus  for  Sampling  Solids. 


Sect.  1.  Thief  for  sampling  solids  i"  diamet«r  or  smaller.  OpeningB  to  conespond. 
Both  tubes  hollow  and  to  be  made  from  A"  sheet  brtksa  (hard).  Inside  tube  to  fit 
snugly  JDto  outside  tube.    Point  to  be  steel  or  iron. 

Sect,  la.  Saw  Method  of  Sampling  Pigs.  The  bare  are  sampled  in  seta  of  five, 
according  to  Template  as  shown.  Saw  is  sWpened  on  Emery  Wheel  to  aiie  and  shape 
here  shown. 

Sect.  lb.  Punch  Method  of  Sampling  Pi^.  The  bars  eelect«d^  as  samples  are 
placed  in  a  line,  with  every  other  bar,  bottom  side  up.  The  sampling  is  done  according 
to  template  in  seta  of  five  bars  each,  as  indicated  above.  The  punch  must  be  driven 
through  the  bar.  If  a  large  sample  is  desired,  the  ban  are  turned  over  and  sami^ed  on 
the  other  diagonal. 

Sect.  Ic.    Sample  Punch. 
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(6)  From  tram  cars,  carts,  buggies,  etc. 

Take  a  specified  portion  from  each  bolder  with  the  thief  or  shovel  and 
combine  all  portions  for  the  gross  sample. 

(c)  From  barrels,  bags,  wheelbarrows,  etc. 

Take  a  portion  from  every  nth  container  and  combine  the  portions  for  the 
gross  sample. 

(d)  From  small  piles  (not  more  than  six  feet  in  height). 

With  the  thief,  take  one  portion  vertically  at  the  peak  of  the  pile  and  one 
vertically  at  each  of  ten  points  uniformly  distributed  along  a  line  around  the 
pile  half-way  between  the  peak  and  the  edge  of  the  pile.  Combine  these 
portions  for  the  gross  sample. 

(e)  From  a  well-mixed  bulk  of  material  (from  mixers,  packing  machines, 
etc.). 

After  allowing  a  specified  quantity,  according  to  the  condition  of  the 
material  and  type  of  apparatus,  to  flow  past  the  sampling  point,  take  the 
specified  quantity  for  a  sample.  Periodic  samples  may  be  taken  in  the  same 
manner,  as  often  as  desired. 

6.  From  Wet  Material 

Wet  materials  arrange  themselves  in  several  classes: 

When  the  material  is  thoroughly  wet  but  not  dripping,  take  the  sample 
by  any  of  the  foregoing  suitable  procedures,  keeping  the  collected  portions 
in  moisture  tight  containers. 

(b)  When  water  is  dripping  from  the  material,  take  the  sample  as  prescribed 
for  the  particular  material  by  one  of  the  foregoing  procedures  and  allow  the 
total  gross  sample  to  drain,  the  drainage  and  remainder  of  the  sample  being 
weighed  and  recor<led.  If  further  elimination  of  water  is  necessary  either 
by  air  drying,  artificial  drying  or  pressing,  before  the  gross  sample  is  reduced 
to  the  laboratory  sample,  the  total  water  eliminated  must  be  calculated  and 
taken  into  account  in  the  final  evaluation  of  the  material  to  the  original  wet 
condition.  In  case  this  water  carries  some  of  the  material  in  solution,  it  will 
be  necessary  to  ascertain  the  amount  of  this  by  analysis  and  include  the  results 
in  the  final  evaluation. 

(c)  When  fine  solid  material  Is  non-uniformly  suspended  in  a  liquid  several 
vertical  sections  of  the  material  may  be  taken  by  means  of  a  specially  designed 
thief  and  combined  for  the  gross  sample.  (See  genera!  outline  for  sampling 
liquids.) 

7.  From  Hygroscopic  or  Deliquescent  Materials 
(a)  When  such  material  is  contained  in  airtight  containers  which  may  be 
readily  opened  and  closed,  take  a  sample  by  means  of  a  thief  (Sect.  I),  when 
the  material  does  not  contain  resistant  particles,  larger  than  J^  inch  in  cross 
section  or,  otherwise,  by  means  of  a  small  scoop  or  shovel.  These  increments 
should  be  placed  and  retained  in  an  air-tight  receiver  until  ready  for  the 
analysis. 

(6)  When  such  material  can  be  sampled  while  being  transferred  to  the 
final  container  for  shipment,  small  and  equal  increments  at  uniform  and  regular 
intervals,  are  taken  directly  from  the  stream  by  means  of  a  suitable  dipper 
and  combined  for  the  gross  sample. 
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8.  From  Kilns,  Roasters,  Diyers,  FunuceSi  Etc 
This  claea  of  material  coostitutes  a  special  case,  and,  conaequentJy  the 
size  of  sampling  unit  and  manner  by  which  it  may  be  taken  will  be  specified 
according  to  the  size  of  particles  and  character  and  condition  of  the  nuterial. 

g.  Sampling  Non-ferrous  Metals  and  Moys 

(a)  In  the  Form  of  Pigs,  Billets,  Ingots,  Rolls,  Slabs,  Etc. — One  pig,  etc., 
should  be  taken  to  represent  each  ton  of  metal  in  the  lot  and  each  of  these 
should  be  sampled  by  one  of  the  following  methods  after  thoroughly  deaning 
the  surface  to  be  sampled. 

1.  By  sawing  completely  through  the  specimen  as  illustrated  by  Sect.  U, 
Fig.  192.  The  sawdust  from  all  the  specimens  is  then  thoroughly  mixed  and 
quartered  down  on  a  clean  surface  and  the  required  amount  of  sample  drawn. 

2.  By  punching  or  drilling  completely  through  if  the  equipment  permits, 
or  halfway  through  from  two  opposite  sides  as  illustrated  by  Sect.  Ic,  lb.  Fig.  192. 
In  this  case  the  holes  shall  be  spaced  along  a  diagonal  line  from  one  corner  of 
the  specimen  to  tJie  other.  Sampling  in  tliis  manner  may  be  so  arranged  that 
one  or  more  holes  are  made  in  each  of  several  specimens  of  a  group  in  such 
positions  that  they  represent  consecutive  positions  on  the  diagonal  of  a  single 
specimen.  {See  illustration  in  Sect.  Ic.)  These  punchings  or  drilUngs  are 
carefully  melted  in  a  clean  graphite  crucible,  and  either  granulated  by  care- 
fully pouring  into  distilled  water  and  thoroughly  drying,  or  by  casting  into 
thin  slabs  which  may  be  sawed  completely  through  in  several  places  and  the 
sawdust  treated  as  described  above.  Drillings  may  be  chipped  and  mixed  if 
convenient. 

(b)  In  the  Form  of  Sheets. — In  sampling  brass  discs,  and  sheets,  when 
they  can  be  crated  so  that  the  edges  are  flush,  recourse  can  be  made  to  a  port- 
able milling  machine  operated  by  a  M  H.P.  electric  motor  run  transversely 
across  the  edges,  so  adjusted  that  only  a  very  thin  milling  is  taken  from  each 
disc  or  sheet.  These  are  coned  and  quartered  for  the  sample.  By  this  method 
the  serviceability  of  the  disc  or  sheet  is  not  destroyed,  and  the  completeness 
of  the  sampling  depends  only  on  the  accuracy  of  adjusting  the  edges  in  the 
crate. 

Procedure  for  Reducing  the  Gross  Sample 
By  combining  the  several  sampling  units,  the  gross  sample  is  obtained 
which  should  now  be  so  large  that  large  single  chance  particles  of  material 
could  be  entirely  foreign  matter  or  entirely  pure  substance  and  affect  only 
slightly  if  at  all  the  final  sample.  Increasing  the  size  of  the  gross  sample 
increases  its  accuracy,  but  cost  and  convenience  of  collection  and  reduction 
of  sample,  limit  the  degree  to  which  this  can  be  carried  to  advantage.  The 
reduction  of  the  gross  sample  to  the  laboratory  sample  is  an  operation  which 
must  be  performed  with  accuracy  and  precision.  Automatic  machinery  and 
labor  and  time  saving  devices  may  be  used  for  this  operation  adhering  closely 
to  the  following  general  scheme  with  the  exception  that  some  materials  of 
uniform  comparison  need  not  be  finally  reduced  as  small  as  6  mm. — i  mesh- 
while  it  may  be  necessary  to  iinaily  reduce  other  material  to  .14  mm. — 100 
mesh — or  finer. 
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In  sampling  large  shipmento,  the  gross  sample  may  become  excessively 
large  and  unwieldy.  This  may  be  obviated  by  periodically  reducing  the  gross 
sample  by  the  Standard  Long  Pile  and  Alternate  Shovel  Procedure,  and  sub- 
Mquentiy  compositing  these  reduced  portions  for  the  final  gross  sample. 

Reduction  of  the  Gross  Sample 

(Approx.  1000  lbs.)  crushed  to  about  22.6  mm. — 1  mesh;  thoroughly  mixed 
and  halved  by  the  Long  Pile  and  Alternate  Shovel  procedure. 

Discard    One-half  crushed  to  about  16  ram. — l.-'i  mesh;  mixed  and  halved  by 

^  the  Long  Pile  and  Alternate  Shovel  procedure. 

}4  One-half  crushed  to  about  11.3  mm. — 2  mesh;  mixed  and  halved  by 
the  Long  Pile  and  Alternate  Shovel  procedure.   . 

^  One-half  crushed  to  about  4  mm. — 5  mesh;  mixed  by  rolling  on  can- 
vas; halved  by  Cone  and  Quartering  procedure. 

}-^  One-half  ground  to  about  2  mm. — 10  mesh;  mixed  by  rolling  on 
canvas;  halved  by  riffling  (or  sampling  machine)  or  by  the  quarter- 
ing procedure. 

J^        One-half  mixed  and  riffled  down  to  about  S  lbs. 

The  entire  eight  pounds  is  then  further  reduced  and  the  required  sample 
taken  according  to  the  character  of  the  particular  material. 

A  portion  for  the  determination  of  moisture  may  be  taken  at  some  point 
during  the  reduction  according  to  the  character  of  the  sample  and  manner 
in  which  the  moisture  test  is  made.  When  a  moisture  sample  is  wanted  it  is 
necessary  that  the  sampling  units  be  collected  and  stored  under  conditions 
whereby  moisture  would  not  be  lost  or  absorbed.  The  mixing,  crushing  and 
halving  operations,  preceding  the  taking  of  the  sample  for  moisture  should 
be  accomplished  as  rapidly  as  possible. 

In  case  the  gross  sample  contains  an  excessive  amount  of  water  which  would 
be  lost  in  the  subsequent  operations  necessary  to  reduce  it  to  the  laboratory 
sample,  it  should  be  kept  in  a  tight  container  during  the  collection  of  the 
various  increments,  after  which  it  is  weighed  and  allowed  to  air-dry,  or  it 
may  be  dried  artificially,  and  reweighed.  It  is  then  in  a  condition  to  be  re- 
duced to  the  laboratory  sample  according  to  the  above  scheme,  taking  into 
account,  of  course,  the  moisture  thus  driven  oft  from  the  original  gross  sample 
in  the  final  calculation  for  the  evaluation  of  the  material. 

Reduction  of  Oross  Sample  (Long  Pile  and  Alternate  Shovel) 

This  procedure  is  baaed  upon  the  method  recommended  and  used  by  the 
U.  S.  Bureau  of  Mines. 

1.  Thoroughly  mix  the  entire  gross  sample,  after  crushing  in  a  suitable 
manner  until  al!  pieces  are  approximately  one  inch  or  less  in  any  dimension, 
by  shoveling  it  into  a  cone-shaped  pile,  depositing  each  shovelful  on  the  apex 
of  the  pile.     (Fig.  193,  A  and  B.) 

2.  Shovel  all  of  the  material  into  a  pile  about  the  width  of  the  shovel  and 
approximately  10  feet  long  according  to  the  total  amount  of  material,  spreading 
each  shovelful  uniformly  over  the  whole  length  of  the  pile,  beginning  alternately 
from  opposite  ends.       (Fig.  193,  C.) 
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3.  Divide  the  long  pile  into  two  equal  portions  by  beginning  on  one  side 
of  the  pile,  at  either  end,  and  take  successive  shovelfuls,  advancing  each  time 
by  the  width-  of  the  shovel  around  the  pile,  combining  the  first  and  every 
alternate  shovelful  into  a  neat  cone-shaped  pile  as  in  No.  1  and  discarding  Um 
second  and  every  alternate  shovelful  (Fig.  193,  D  and  E). 


Method  of  Sampling  Ore. 


4.  Repeat  the  above  operation  on  the  reserved  portion  until  a  portion  of 
about  500  Iba.  is  obtained. 

5.  Crush  the  material  until  no  piece  is  greater  than  approximately  three- 
fourths  inch  in  any  dimension,  and  then  repeat  the  above  operation  (No.  3). 
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6.  Crush  the  material  until  no  piece  is  larger  than  approximately  one-half 
inch  in  any  dimension  and  then  repeat  the  above  operation  (No.  3). 

7.  A  portion  of  about  125  lbs.  is  now  obtained  which  is  further  reduced 
by  the  "Cone  and  Quartering  Procedure." 

Reduction  of  Qross  Sample  (Cone  and  Quartering) 

1.  Mix  the  material  amounting  to  about  125  Iba.  by  crushing  to  pass  a 
4  mm. — 5  mesh — sieve  and  shoveling  mto  a  neat  cone  (Fig.  193,  F  and  G). 

2.  Flatten  the  cone  by  pressing  the  apex  vertically  down  with  the  shovel  or 
board  so  that,  when  quartered,  each  quarter  will  contain  the  material  originally 
contained  therein. 

3.  Divide  the  flattened  pile  into  equal  quarters  by  passing  a  straight  edge 
board  vertically  twice  through  center  of  the  pile  at  right  angles,  each  time 
drawing  half  of  the  pile  a  few  inches  to  one  side  (Fig.  193,  H  and  I). 

4.  Discard  two  opposite  quarters  and  brush  away  all  fine  particles  from  the 
exposed  surface  (Fig.  193,  J). 

5.  Crush  the  remaining  quarters  to  pass  a  2  mm. — 10  mesh — sieve.  Mix 
thoroughly  by  shoveling  into  a  neat  cone. 

6.  Repeat  operations  No.  3  and  4  or  riffle  to  about  20  pounds. 

7.  Grind  the  retained  sample  to  pass  a  .85  mm. — 20  meah — sieve.  Mix  the 
material  thoroughly  on  a  clean  canvas  by  raising  alternate  opposite  corners 
of  the  canvas,  thua  rolling  the  material  from  side  to  side  one  hundred  times 
(Fig.  193,  K  and  L). 

8.  Treat  the  sample  further  aa  required  by  the  particular  material  being 
sampled. 


Fio.  194.*    Jaw  and  Toggle  Crusher  for  Coarse  and  Medium  Fine  Grinding. 

It  is,  of  course,  impossible  to  reduce  hygroscopic  or  deliquescent  gross 
samples  to  the  laboratory  sample  according  to  the  above  scheme  unless  they 
can  be  dried  or  otherwise  transformed  into  a  stable  condition.  When  it  is 
necessary  to  reduce  such  material  it  should  be  done  rapidly  and  by  hand, 
under  the  most  favorable  atmospheric  conditions  in  regard  to  humidity,  etc. 
When  a  lai^  sample  is  taken  for  analysis  the  extent  of  the  reduction  of  the 
sample  will  depend  upon  the  size  of  the  sample  taken  for  analysis. 

•Courtesy  of  Sturtevont  Mill  Co. 
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Apparatus  for  Reduction  and  Preparation  of  the  Sample 

Any  sampling  system  which  does  not  properly  control  the  ratio  of  the  Eue 
of  largest  particle  to  the  size  of  sample  can  not  be  depended  upon  to  produce  a 
representative  sample.  The  proper  ratio  for  almost  all  material  will  be  ob- 
tained by  following  the  procedure  outlined  under  the  heading  "Procedure  for 
Reducing  the  Gross  Sample."  This  reduction  process  is  greatly  facilitated 
by  the  use  of  suitable  crushers,  grinders,  riffle  samplers  and  mixing  devices. 
The  following  examples  of  such  apparatus  are  therefore  given  as  an  &id  to  the 
designing  anil  equipping  of  the  sampling  room,  the  sise  and  capacity  of  which 
will  be  <letermined  by  the  number,  character,  and  size  of  the  gross  samples  to 
be  handled. 


Pio.  19o.*'  Crusher  and  Grinder  in  Cross  Section. 


Crashers. — A  jaw  and  toggle  crusher  is  shown  in  Fig.  200.  This  is  a  sat- 
isfactory crusher  for  coarse,  medium  and  fine  crushing  and  permits  a  con- 
siderable range  of  adaptability  to  suit  varying  conditions  and  requirements. 
Simple  adjustments  allow  the  capacity  to  be  varied  from  about  200  pounds 
per  hour  for  the  production  of  fine  material  to  700  pounds  per  hour  for  coarser 
material  when  considering  only  one  of  the  several  sizes  of  this  type  of  crusher. 
The  parts  are  readily  accessible  for  cleaning  and  repairing.  By  means  of  this 
type  of  crusher  it  is  possible  to  reduce  the  material  to  about  4  mesh. 

Giinders. — Grinders  are  necessary  for  reducing  the  material  finer  than 
4  mesh  and  may  be  of  the  roll,  disc  or  coffee  mill  type,  according  to  the  character 
of  the  material. 

Roll  grinders  are  especially  adapted  for  brittle  material.  Figures  196  and  197 
illustrate  a  type  of  roll  grinder  which  may  be  readily  cleaned  and  has  a  capacity 
of  100  to  1,000  lbs.  per  hour,  when  producing  a  reduction  to  a  fincnew  of  60 
mesh  and  2  mosh  respectively.  Disc  grinders  have  a  somewhat  greater  range 
of  adaptability  than  the  roll  grinder  and  will  reduce  brittle  or  tough  material 
to  a  high  degree  of  fineness.  The  grinding  is  accomplished  between  a  stationary 
and  a  revolving  steel  or  iron  disc,  the  output  being  small  and  fine  or  large  and 
coarse  according  to  the  adjustment.  Figures  193  and  199  illustrate  a  satis- 
Jactory  type  of  disc  grinder, 

*  By  courtesy  of  Sturtevant  Mill  Co. 
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The  coffee  mill  type  of  grinder  is  adaptable  to  soft  or  tough  materials 
which  have  a  tendency  to  stick  to  the  rolls  of  the  roll  grinders  or  to  clog  the 
discs  of  some  types  of  disc  grinders.  Many  kinds  of  coffee  mill  type  grinders 
have  been  developed  from  which  selection  can  be  made  according  to  the 
character  of  material  under  consideration.  Figs.  195  and  201  illustrate  very 
good  coffee  mill  types.  When  reducing  material  to  extreme  fineness  the  ball 
mill,  special  small  laboratory  grinders,  the  bucking  board  and  mortar  and 
pestle  are  always  applicable  for  small  samples. 


Fia.  196.*    Roll  Grinder  for  Brittle  Material. 


PlO.  197.     RoU  Grinder  with  Case  lifted  to  Show  Interior. 

Another  type  of  crusher  and  grinder  which  has  been  developed  particularly 
fnrsamphngcoalis  shown  by  Fig.  195,  This  crusher  will  reduce  the  materia! 
and  deliver  an  accurate  ten  per  cent  sample  In  one  operation.  By  repeating 
the  operation  on  the  aliquot  the  Bample  may  be  further  reduced. 

For  many  materials  this  crusher  would  serve  to  entirely  reduce  the  gross 
sample  to  the  laboratory  sample  with  a  very  small  amount  of  labor. 

•  By  courtesy  of  Sturtevant  Mill  Co, 
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Fio.  198.*    Disc  Grinder  Ready  to  Run. 


Flo.  199.*    Diac  Grinder  Open  for  Cleaning. 
•  By  courtcay  of  Sturt«vant  Mill  Co. 
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Flo.  200.*    Crusher  Open  for  Cleaning. 


Fio.  301.    Combioation  Crusher  aod  Sampler. 
*  By  court«ay  of  Sturtevant  Mill  Co. 
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Mixing  and  Dividing  Samples 

Large  samples  (500  IbB.  or  more)  are  usually  mixed  and  divided  by  the 
"Long  Pile  and  Alternate  Shovel"  procedure  or  (500-100  lbs.)  by  the  "Cone 
and  "Quartering"  procedure. 

Small  samples  (less  than  100  lbs.)  are  usually  mixed  by  rolling  on  a  clean 
canvas,  whereby  the  particles  are  given  a  rolling  motioo  in  alternately  opposite 
directions,  the  dividing  being  done  by  quartering  or,  more  accurately  and 
rapidly,  by  passing  it  through  some  form  of  a  riffle.  A  convenient  and  service- 
able type  of  riffle  is  illustrated  by  Fig.  202.  Another  and  more  simple  type  is 
shown  by  Fig.  203. 


Fio.  202. 


Fio.  203. 


.  Fia.  202.  Riffle  Sampler,  "a,"  cover  to  fit  t^tl; 
slot  in  rounded  tops — also  fitted  with  two  lugs  which  a 
rock  evenly. 

Fia.  203.  The  cut  shows  the  apron  of  the  cylinder  of  this  machine  open  for  re- 
ceiving the  sample.  After  the  sample  is  poured  in,  the  apron's  poaition  is  shifted,  a 
being  moved  to  a'.  The  cylinder  ia  then  revolved  counterclockwise.  The  closed  tdden 
of  the  riffles  plow  through  and  thoroughly  mix  the  sample,  and  no  sample  can  be  dis- 
charged through  the  riffle  while  the  cylinder  is  revolving  in  this  direction  if  the  level  of 
the  sample  is  below  the  axis  of  the  cyUnder.  After  the  sample  has  been  mixed  the 
cylinder  is  rotated  one  turn  clockwise;  the  sample  in  the  cylinder  ia  then  rut  by  the 
planes  of  the  riffle  and  hoilf  of  it  is  discharged  into  the  receiving  tray.  The  sample 
remaining  is  again  mixed  by  revolving  the  cylinder  counterclockwise.  By  alternately 
changing  the  direction,  the  sample  is  ^tcrnatcly  mixed  and  halved  until  twiee  the  size 
of  sample  required  remains  in  the  cylinder.  The  tray  ia  then  emptied  of  the  discarded 
material,  and  the  sample  rcmainiDff,  mixed  and  halved,  and  the  sample  eauglit  m  the 
tr^  ia  bottled  and  becomes  the  official  sample,  while  the  sample  remaining  in  the  cyl- 
inder is  bottled  and  held  as  the  reserve  sample.  The  interior  of  the  machine  is  easy  of 
access  and  should  be  brushed  clean  after  each  samphng  operation. 

The  Use  of  Standard  Sieves 

This  eection  is  based  upon  the  specifications  issued  by  the  U.  S.  Bureau  of 
Standards  (1912)  and  adopted  by  the  Amer.  Inst,  of  Mining  Engineers  (1917). 

The  essential  quantity  in  the  definition  of  a  sieve  of  a  particular  die  is, 
primarily,  the  size  of  the  openings  through  which  the  particles  to  be  sifted  are 
'i  pass. 
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A  series  of  sieves  of  different  sises  should  have  the  openings  vary  uni- 
formly, according  to  the  size  of  the  particles  desired  to  separate.  loaamuch 
as  most  of  the  grinding  of  substances  to  fine  particles  is  chiefly  with  the  ob- 
ject of  increasing  the  surface  upon  which  some  chemical  action  is  to  take  place, 
the  opening  of  such  a  series  of  sieves  should  vary  in  such  a  way  that  the  square 
or  fourth  powers  of  the  width  of  the  openings  shall  form  a  geometrical  series. 
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While  the  sampling  process  does  not  require  extremely  accurate  sieves 
it  is  advisable  to  use  those  which  conform  approximately  to  a  standard  speci- 
fication. Consequently  whenever  reference  is  made  to  a  sieve  it  will  be  under- 
stood to  comply  with  the  following  specifications,  which  have  been  adopted 
by  a  conference  of  representatives  of  various  scientific  and  technical  societies, 
government  bureaus,  and  private  firms,  held  at  the  U.  S.  Bureau  of  Standards. 

This  sieve  scale  is  essentially  metric.  The  sieve  having  an  opening  of  1 
mm.  is  the  basic  one  and  the  sieves  above  and  below  this  in  the  series  are  re- 
lated to  it  by  using  in  general  the  square  root  of  2  (1.4142),  or  the  fourth  root 
of  2  (1.1892),  as  the  ratio  of  the  width  of  one  opening  to  the  next  smaller  open- 
ing.   The  first  ratio  is  used  for  openings  between  1  mm.  and  12S  mm.  while 
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the  fourth  root  of  2,  is,  used  as  the  ratio  for  openings  below  1  mm.  to  ^vs  more 
sieves  in  that  part  of  the  scale.  ^t        - 


Fio.  204.  Dryer  for  Coarse  Samples.  The  outlet  for  air  at  the  top  may  bexon- 
nected  with  a  chimney  or  any  other  device  which  will  furnish  a  suitable  draft.  The 
sample  is  spread  on  ttaed  pans,  weighed,  and  dried  at  10°  to  15°  C.  above  room  tempei^ 
ature,  and  weighed  afcain.  The  drying  should  be  continued  until  the  Ion  in  weight  ia 
not  mote  than  0.1  per  cent  per  hour. 

Containers  for  Shipment  to  Laboratory 

Samples  in  which  the  moisture  content  is  important  should  always  be 
collected  ■  and  shipped  in  moisture-tight  containers.  A  galvanized  iron  or 
tin  cnn  with  a.  screw  top  which  is  scaled  with  a  rubber  gasket  and  adbe«re 
tape  is  best  adiipted  to  this  purpose.  Glnsa  fruit-jars  sealed  with  rubbet 
gaskets  may  be  used,  but  require  very  careful  packing  to  avoid  breakage  in 
transit.  Samples  in  which  the  moisture  content  is  of  no  importance  need  no 
special  protection  from  loss  of  moisture. 


Drying  Ovens  for  Moisture  Determination 

Samples  may  be  dried  by  means  of  a  forced  draft  of  air  at  a  slightly  elevated 
temperature,  or  by  heating  at  100-110°  C  in  a  well-ventilated  oven  until  a 
constant  weight  is  obtained.  The  former  procedure  is  particularly  adapted  to 
material  which  has  a  tendency  to  undergo  undesirable  chemical  or  physical 
changes  upon  prolonged  heating  tit  elevated  temperatures  or  for  rapidly- re- 
moving extraneous  moisture  preparatory  to  grinding.  The  latter  procedure 
is  usually  employed  for  quantitative  determinations  on  small  finely  ground 
samples.  In  cither  case  a  good  system  of  ventilation  and  a  definite  uniform 
temperature  arc  the  chief  con.si derations. 

Figure  204  illustrates  an  oven  for  drying  large  samples  by  mp^an^i  of  a  current 
of  heated  air.  Figs.  205  and  206  show  a  type  of  oven  with  a  good  ventilating 
system.  Fig.  207  shows  another  type  of  oven,  while  208  illustrates  a  vacuum 
drying  oven  which  may  be  necessary  for  special  work. 
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Flo.  205. 


Fia.  206. 


Fi OS.  205  AND  206.  Diyingoven,  triple  walled,  withaUyer  of  aireDliielysuiToundinR 
the  inaer  chamber,  the  temperature  ol  this  layer  being  practically  the  same  as  that  of 
the  air  in  the  chamber.  Iliie  approaches  on  adiabalic  construction  which  has  been 
approved  by  the  Bureau  of  SLandards  as  the  best  type  of  design  for  caiarimet«iB  and 
other  constant  temperature  devices.  By  this  constructian  tt^elher  with  a  heavy  outer 
insulation,  heat  exchanges  between  the  inner  chamber  and  the  room  outside  are  practic- 
ally entirely  prevented,  and  as  a  result  a  uniformity  of  temperature  is  secured  in. the 
heated  space.  The  drying  chamber  should  be  entirely  shielded  from  direct  radiation 
from  the  heating  unite,  and  into  every'part  of  wliich  heat  should  be  carried  by  convec- 
tion currents. 


Fig.  207.* 

Hig^  Temperature  Ovens,  for  operation  from  room  temperature  to  260°  C. 

•  By  courtesy  of  Arthur  Thomas  Co. 
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Fio.  208.*  Vacuum  uven.  Supplied  with  a  vacuum  chamber  which  may  be  eadly 
removed,  permitting  the  oven  proper  to  be  med  aa  a  regular  drying  oven  when  the 
vacuum  feature  is  not  deeired.  Moisture  teat  of  flour  can  be  made  in  five  hours  at  75  C., 
while  in  an  ordinary  oven  at  100  C.  from  ten  to  twelve  houra  are  required.  The  same 
condition  apply  tor  organic  teste  in  general,  i.e.,  for  fertilizers  where  the  Wets  must  be 
made  at  the  lowest  possible  temperature  to  avoid  driving  off  nitrogen  compounds;  for 
ponder  where  there  is  great  danger  of  igniting  the  sample;  for  milk  where  there  ia  great 
danger  of  charring;  for  operations  involving  essential  oils,  etc. 

When  tests  are  to  be  conducted  in  an  atmosphere  of  hvdrogen,  nitrc^ten,  carbon 
dioxide  or  other  gae,  it  is  only  necessary  to  p^  a  current  of  the  desired  gaa  through  the 
vacuum  chamber. 
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GENERAL  OUTLINE  FOR  SAMPLING   LIQUIDS 

Id  general,  n  uniform  and  representative  sample  of  liquid  material  is  a 
feasible  possibility  because  of  the  unual  absence  of  segregated  constitueats, 
the  ease  with  which  the  separate  components  may  be  intimately  mixed,  and 
the  degree  of  comminution  to  which  a  liquid-  may  be  subjected  without  pro- 
ducing a  separation  of  the  individual  components. 

When  the  liquid  is  thin,  non-viscous,  and  does  not  contain  immiscible 
constituents,  a  homogeneous  condition '  usually  exists,  and  a  sample  from  any 
part  of  the  bulk  is  sufficiently  representative  of  the  whole.  When  vlrcous  or 
immiscible  materials  are  present,  a  heterogeneous  condition  usually  exists  and 
extreme  care  must  be  exercised  to  obtain  a  thoroughly  re  prose  ntati^'e  sample. 
The  proper  selection  of  a  representative  sample  of  a  liquid  therefore,  involves  ' 
a  consideration  of  the  physical  laws  of  liquids,  their  chemical  activity,  the 
miscibility  of  all  components,  and  the  interference  of  any  insoluble  materials 
carried  by  the  liquid. 

The  sampling  of  liquids  is  divided  into  the  three  following  classes;  sampUi^ 
liquids  in  quiescent  state, 
sampling  liquids  in  motion, 
sampling  special  liquors,  e.  g., 
immiscible  liquids,  volatile 
liquids,  liquids  carrying  sedi- 
ment, etc. 

Sampling  Liquids  in 
Quiescent  State 

AH  liquids  not  in  motion 
may  be  sampled  by  obtaining 
portions  at  specified  points 
from  the  top  to  the  bottom  of 
the  liquid  by  means  of  a  suit- 
able sampling  apparatus. 

I.  From  Storage  Tanks,  Tank 
Cars,  Boats,  Evaporating 
Kettles,  Vatd,  Crystal- 
lizers,  Mixers,  Sett- 
lers, Etc. 
(a).  If  the  liquid  has  been 
thoroughly     agitated     or    is 
known  to  be  reasonably  uni- 
form in  composition,  transfer 
several  portions  to  a  container 
by  means  of  a  suitable  dipper, 
the  several    dippings    being 
taken  promiscuously  through- 
out the  mass  of  liquor. 


Fig.  203.    Sampling  liquids  apparatus. 
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(b).  If  the  character  and  condition  of  the  liquid  is  such  as  to  pennit  th« 
formation  of  zones  of  different  oomposition,  obtaiu  samples  by  means  of  ■ 
suitable  apparatus  as  shown  by  Fig.  209,  whereby  proper  proportions  of  tbe 
liquid  are  taken  at  every  point  from  the  top  to  the  bottom.  Combine  these 
samples  for  the  gross  sample  and,  after  thorougtdy  mixing,  bottle  the  requiicd 
samples  (Fig.  209).  By  slowly  lowering  the  samphng  bottle  into  the  Hquid 
with  the  outlet  (A)  open,  a  portion  of  the  liquid  from  every  point  passes  throng 
(B>  into  the  bottle,  whereas  if  outlet  (A)  is  kept  closed  until  the  desired  depth 
is  reached,  the  entire  sample  may  be  taken  at  any  desired  point. 

Lead,  wood,  or  any  other  material  which  is  resistant  to  the  liquid  may  be 
substituted  for  the  iron  parts  of  this  device,  according  to  the  character  of  the 
liquid  being  sampled.  Under  si^me  conditions  it  will  be  necessary  to  substitnte 
a  ground  glass  stopper  for  the  rubber  one.  Openings  of  different  sixes  can  be 
attached  at  (^1)  to  govern  the  rate  at  which  the  sample  will  flow  into  the  bottle. 

(c).  Take  a  sample  from 

the  upper,  middle,  and  lower 

levels  of  the  liquid  by  means 

I  of  a  sampling  device  dmilar 

-^•q.M  »J-\\j^y  to  that  shown  by  Fig.  209,  by 

keeping   the  outlet   tube  A 

"^  closed  until  the  container  has 

been  lowered  to  tbe  desired 

depth. 

2.  From  Drams,  Carboys, 

Barrels,  Etc. 
(fl)  By  meana  of  a  thief 
(Fig.  210)  take  proportional 
fractions  from  each  container 
Combine  and  mix  these  incre- 
ments for  the  composite  gross 
sample.  Bottle  the  amount 
required  for  the  sample.  If 
the  contents  of  the  container 
are  such  as  to  preclude  thor- 
ough mixing  or  if  the  material 
has  a  tendency  to  form  strata 
of  varying  compositions,  the 
open  thief  should  be  lowered 
into  the  liquid  at  such  a  rate 
as  to  keep  the  levels  of  liquid 
inside  and  outside  of  the  thief 
very  nearly  equal,  in  order  to 
include  portions  at  all  points 
from  the  top  to  the  bottom 
of  the  liquid. 


LJ 


vt 


Fio.  210.    Sampling  liquids  apparatus. 
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Sampling  Liquids  in  Motion 

3.  From  ft  Pipe  or  Conduit  Carrying  a  ContinuoaB  PnU  Flow  under  a  Constant 
or  VoiTing  Head 

(a)  A  continuous  or  intermittent  sample  may  be  taken  by  inserting  a 
small  pipe  into  the  line  on  the  discharge  flide  of  the  pump  or  propelling  force 
of  the  flow.  This  sampling  tube  should  extend  one-half  of  the  distance  to 
the  center  of  the  flow,  with  the  inner  open  end  turned  at  an  angle  of  90°  and 
facing  the  flow  of  the  liquid.  The  sampling  tube  may  be  supplied  with  a 
stopcock  in  order  to  regulate  the  flow  into  a  receiver.  The  amount  drawn 
during  the  period  of  taking  a  continuous  sample  constitutes  the  gross  sample. 
In  this  instance  the  stopcock  should  be  adjusted  at  the  beginning  of  the 
sampling  period,  to  give  the  desired  flow  and  no  readjustment  made  during 
the  sampling  period.  Intermittent  samples  may  be  taken  by  opening  the 
stopcock  for  a  defloite  period  of  time  at  definite  intervals.  The  combined 
intermittent  samples  then  constitute  the  gross  sample. 

4.  From  a  Kpe  or  Conduit  Carrying  a  Varying  Fraction  of  Flow 

(o)  By  means  of  a  sampling  weir  similar  to  the  apparatus  shown  by  figure 
212,  a  definite  fraction  of  varying  flow  can  be  collected  over  a  required  period 


Fio.  211.    Apparatus  for  Sampling  Liquids  in  MotioD. 

of  time.  This  gross  sample  may  be  mixed  and  a  portion  taken  for  the  final 
sample  or  by  connecting  two  or  more  of  the  above  devices  in  series;  a  small 
representative  sample  may  be  collected  automatically,  t:g.,  if  one  million  gallons 
of  liquid  per  day  are  passing  through  a  pipe  or  conduit  line  at  an  irregular 
rate,  it  could  be  sampled  by  conducting  the  stream  to  a  series  of  four  sampling 
weirs,  each  of  which  separates  5%  or  1/20  of  the  flow.  A  final  six  gallon  sample 
would  then  represent  the  entire  million  gallons.  The  size  of  each  weir  should 
be  such  as  to  give  a  suitable  overflow  and  the  apron  over  which  the  flow  passes 
for  division  should  be  fixed  in  a  horizontal  position. 

(fr)  By  means  of  the  arrangement  illustrated  by  Pig.  211,  an  approximate 
sample  ratio  can  be  continuously  diverted  from  a  non-uniform  flow.  This 
device  consists  of  a  pipe  A,  inserted  into  the  flowing  stream  at  an  angle  of 
TQ-SO"  provided  with  an  opening  B  facing  the  flow  and  extending  to  the  top 
of  pipe  P.  This  opening  B  is  constructed  as  shown  in  the  cut  (Fig.  211),  the 
width  above  the  center  of  pipe  P  being  equal  to  the  diameter  of  pipe  A,  then 
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tapering  from  the  center  to  the  bottom  of  the  pipe  P.  As  the  flow  passes  pipe 
A,  an  approximately  constant  sample  ratio  is  diverted  through  pipe  A  and  ii 
sampled  by  a  email  pipe  C,  the  opening  of  which  faces  the  flow  at  a  point 


Fig.  212.     Apparatus  for  Sampling  Liquids. 


halfway  between  the  center  and  bottom  of  pipe  A.  Pipe  C  is  fitted  with  a 
stopcock  whorcby  the  amount  of  the  sample  flow  through  C  may  be  regulated. 
Pipe  A  reenters  pipe  P  at  some  point  which  will  give  sufRcient  positive  flow- 
head  through  A.    While  this  arrangement  will  not  necessarily  produce  an 


Fta.  213.    Apparatus  for  Sampling  liquids  in  Motion. 
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accurate  sample  ratio,  an  increased  flow  through  P  will  increase  the  fiow-head 
through  A  and  consequently  increase  the  amount  of  sample  withdrawn  at  C 
and  an  approximately  relative  sample  ratio  will  be  maintained  with  one  regula- 
tion of  stopcock  C. 

(c)  With  large  pipes  and  large  flows,  the  above  arrangement  may  be  modi- 
fied as  shown  by  Fig.  213.  Three  pipes,  1,  2,  and  3,  bent  at  90°  angles  with 
openings  facing  the  flow  at  different  levels  are  inserted  in  pipe  P  and  connected 
to  a  common  pipe  A.  The  flow  through  A  is  then  sampled  by  a  pipe  C  as 
described  above.  An  approximately  relative  sample  ratio  is  thus  maintained 
with  one  regulation  of  stopcock  C. 

Sampling  Special  Liquids 

5- -liquids  Cootainlng  Insoluble  Matter  in  Suspension 
(a)  When  the  sediment  remains  in  reasonably  uniform  Suspension  during 
the  period  required  for  taking  the  sample,  the  liquid  is  thoroughly  mixed  and 
the  sample  obtained  by  one  of  the  foregoing  procedures. 

(6)  When  the  sediment  settles  rapidly  or  is  impossible  of  uniform  distri- 
bution it  is  necessary  to  take  special  precautions  to  secure  the  comfKinents  of 
the  sample  in  the  proper  proportion.  This  can  be  accomplished  with  a  fair 
degree  of  accuracy  by  mixing  the  liquid  thoroughly  and  then  rapidly  taking 
a  complete  column  of  the  liquid  by  means  of  the  special  thief  or  device  shown 
by  Fig.  209  or  210.  By  repeating  this  operation  a  number  of  times,  a  fairly 
representative  sample  will  be  obtained.  Another  procedure  of  possible  appli- 
cation under  certain  conditions  would  be  to  take  several  portions  at  as  many 
uniformly  distribute<l  points  from  the  top  to  the  bottom  by  means  of  the  thief 
Fig.  209  or  210.  These  portions  are  then  combined  and  mixed  for  the  gross 
sample. 

(c)  To  accurately  sample  a  liquid  containing  insoluble  matter,  it  is  necessary 
to  filter  the  entire  liquid,  weigh  the  insoluble  material  and  filtrate  separately 
and  then  take  separate  samples  of  the  sediment  and  liquid,  recording  the 
ratio  of  sediment  to  liquid  for  use  in  the  final  evaluation  of  the  original  material. 
This,  however,  is  impracticable  except  _in  such  instances  wherein  the  size  of 
sample  allows  of  economical  handling  in  the  manner  described. 

6.  Liquids  Composed  of  Immiscible  Layers 
The  most  practical  and  accurate  procedure  in  this  case  is  to  effect  a  separa- 
-  tion  of  the  layers  and  combine  portions  of  each  layer  in  the  proper  ratios.  If 
this  is  impossible,  the  material  may  be  transferred  to  a  container  of  uniform 
cross  section,  the  depth  of  each  layer  measured,  and  then  the  proper  portion 
taken  from  each  layer,  for  a  composite  sample,  by  means  of  a  sampling  thief 
similar  to  those  shown  in  Fig.  200  and  210. 

7.  Liquids  Containing  Crystals  Due  to  Supersaturation 
Frequently  conditions  are  such  that  a.  portion  of  the  liquid  or  certain 
constituents  thereof  have  crystallized  in  the  container.  Oleum  and  acetic 
acid  are  common  examples  of  this  class.  When  practical  the  material  should 
be  warmed  sufficiently  to  dissolve  completely  or  melt  the  crystals  before 
sampling  by  one  of  the  foregoing  procedures.  Otherwise,  if  the  crystals  are 
small  and  remain  in  suspension  the  mass  should  be  sampled  as  a  liquid  con- 
taining insoluble  njntter  in  suspension. 
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9.  Tdalile  liqmdt 
(a)  VoUtfle  liquids  are  best  samiried  from  a  eootinnom  flow  while  the 
liquid  ia  being  discharged  or  by  means  of  a  eipbon  from  eontainen.  If  the 
liquid  is  uniform  in  compo^itioIl  or  can  be  made  so  by  agitation  in  some  manneT, 
a  portion  may  be  run  to  the  bottom  of  tbe  sampling  bottle  ontfl  the  bottle 
overflows  through  another  tube  from  the  top  into  anothn-  bottle  or  to  the  waste 
iripe,  to  such  an  extent  as  to  leave  a  liquid  in  the  first  bottle  eontaining  the 
maximum  amount  of  tbe  \-olatile  constituent  (see  Fig.  214).  The  sample 
bottle  should  then  be  quickly  stoppered  and  sealed  for  transportation  to  tbe 
laboratory. 


;^T^ 


Fia.  214.    Apparatus  for  Sampling  Liquids. 
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GENERAL  OUTLINE  FOR  SAMPLING  GASES 

The  proper  sampling  of  gases  often  presents  greater  difficulties  thao  the 
uialysis.  This  is  particularly  true  when  it  is  desirable  to  obtain  a  representa- 
tive sample  of  a  gas  during  a  considerable  period  of  time  as  it  passes  through  a 
pipe  or  flue  from  the  source  of  production.  Gases  travel  through  straight 
pipes  and  conduits  in  an  irregular  succession  of  waves  with  a  spiral  motion, 
the  maximum  velocity  being  at  the  center  of  the  pipe  and  the  minimum  near 
the  walls.  The  motion  of  these  waves  and  point  of  maximum  velocity  is 
altered  in  a  varying  degree  by  every  bend  and  obstruction  throughout  the  line 
of  travel.  Where  gases  are  encountered  which  are  subject  to  temperature 
changes  cither  above  or  below  normal,  this  factor  will  also  considerably  in- 
terfere with  proper  sampling.  The  temperature  of  gases  will  vary  throughout 
the  cross-section  of  the  pipe,  usuiilly  being  hottest  at  points  of  maximum 
velocity  and  coldest  next  to  the  walls  and  in  dead  pockets.  Theoretically  if  it 
were  possible  to  discharge  the  total  gas  to  be  sampled  into  a  large  holder  and 
provide  time  for  it  to  thoroughly  diffuse,  it  would  then  be  in  the  most  ad- 
vantageous condition  whereby  a  true  and  representative  sample  could  be 
obtained  by  simply  withdrawing  a  portion.  Unfortunately  this  is  not  oftea 
the  condition  under  which  gases 
are  to  be  sampled,  being  usually 
sampled  from  a  flow  possessing 
varying  velocity,  temperature, 
and  composition.     Under  such 

conditions  it  is  practically  im-       "  /        \       *""/ 

possible  to  determine  a  point  of 
approximate  average  velocity, 
temperature  or  composition  from 
which  a  repref'entative  instan- 
taneous sample  can  be  drawn. 

Consequently  it  becomes 
necessary  to  collectasampleover 
an  extended  period  whereby  the 
number  of  aeries  of  gas  waves 
sampled  is  such  that^  there  is  a 
high  probability  that  a  true  and 
representative  sample  will  be 
obtained.  Under  some  condi- 
tions, useful  and  more  definite 
data  regarding  composition  and  Fio.  215, 

gas-flow  is  obtained  by  taking 
frequent  "grab"  samples.  It  is,  therefore,  quite  evident  that  the  subject  of 
gas  sampling  naturally  divides  itself  into  two  phases  for  consideration  that 
of  continuous  sampling  and  "grab,"  or  instantaneous,  samphng. 


Apparatus  for  Sampling  Gas. 
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I.  Gencnl  Coiwdefmlioiis  and  Afpmntat 
(a)  Samfting-tabe  for  Drawing  San^leB  bam.  Gases  nramc  Onv^ 
Pipes. — Without  dbscusiiiDg  the  merits  of  the  t-uious  forms  of  Mmpling  tofaa 
Huch  an  the  isin^e-opening  tube,  and  the  various  types  of  peifonted  tube*  ifl 
of  which  are  more  or  less  useful  under  certaiD  cooditioDs,  the  muhiiife  t«ix 
»rifpnat«d  by  A.  H.  White— "Gas  and  Fuel  Analyas" — is  apparmtl;  het 
adapted  for  Hecuring  uniform  rauples  (see  Fig.  215).  This  tabe  shooM  be 
iiw^t«d  80  that  the  longest  tube  reaches  the  center  of  the  flowing  gas. 


T.   A»fir.Ur 


Fia.  216.    Apparatus  for  S&mpUng  Gas. 

(b)  CoDectiiig  a  RepresentatiTe  Coatinaoas  Samide. — In  order  that  the 
sample  should  be  truly  representative  of  the  total  gas  flowing  during  a  definite 
period,  it  is  aeccssary  to  constantly  draw  a  definite  proportion  of  the  gas. 
Great  elaboration  of  apparatus  and  equipment  would  be  necessary  if  the  rate 
of  drawing  the  numple  were  adjusted  to  vary  directly  with  the  velocity  of  the 
gas,  in  which  case  the  sample  would  accurately  represent  the  gas.  The  most 
practical  approach  to  this  ideal  condition  would  be  to  take  the  continuous 
sample  under  a  constant  pressure,  whereby  the  rate  of  sampling  will  vary 
directly  with  the  pressure  of  the  gas  being  sampled. 

Figure  216  illustrates  a  common  form  of  apparatus  whereby  a  stream  of 
gas  at  conKtunt  pressure  is  drawn  from  a  gas  line.  This  apparatus  consists 
of  a  prcHsure-gage  li  to  indicate  any  obstruction  of  the  sampling  tubes,  a 
bubblint^-biittle  C  to  give  a  visual  control  of  the  rate  of  the  stream,  a  gas- 
meter  D  which  may  be  omitted  if  not  needed,  a  pressure  control,  E  and  a 
pressure  gage  F  on  the  line  to  the  anpirator.  When  aspiration  is  necessary  the 
pressure  at  the  sampling-tube  as  shown  by  gage  B  should  be  only  a  few  tenths- 
of-an-inch  of  water.  This  moy  be  regulated  by  the  depth  to  which  the  tube 
is  immersed  in  the  water  of  the  regulator  E.  When  the  gas  is  under  pressure, 
the  aspirator  and  E  and  F  become  unnecessary. 

(c)  The  Design  of  Apparatus. — The  design  of  apparatus — and  the  sampling 
procedures— must  take  into  account  the  solubility  and  chemical  activity  of 
the  gas.  Saturated  magnesium  chloride  solution,  glycerine  and  water  mix- 
tures, and  various  oils  have  been  used  with  varying  success  in  overcoming 
the  solubility  of  gases  in  the  solutions  over  which  they  are  collected.     Further 
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investigations  along  theae  lines  for  specific  gases  will  probably  make  possible 
the  use  of  other  liquids  than  mercury  for  gases  having  high  solubility  factors. 
The  corrosive  character  of  the  individual  gases  will  determine  the  type  of  con- 
tainers, etc.,  which  may  be  used. 

3.  Taking  a  "  Grab  "  Sample 

(a)  For  a  "grab,"  or  instantaneous,  sample  the  ordinary  two-bottle  aspir- 
ator may  be  used  {see  Fig.  217)  using  care  not  to  draw  the  sample  so  fast  as  to' 
produce  a  reduced  pressure  at  gage  B  (Fig.  213). 


*=^».i,b.. 


Fio.  217.    Apparatus  for  Sampling  Gas.       Fto.  218.    Apparatus  for  Sampling  Gas. 

3-  Taking  a  Continuous  Sample 

(a)  For  continuous  sampling  the  apparatus  illustrated  by  Fig.  218  will 
be  found  convenient. 

This  apparatus  consists  of  two  large  galvanized  metal  tanks,  one  in  the 
form  of  an  aspirating- bo  tile  in  which  the  sample  is  taken,  and  the  other, 
slightly  larger,  which  acts  as  a  reservoir.  A  sample  of  gas  taken  under  constant 
pressure  and  at  a  uniform  rate  over  any  specified  period  of  time,  which  may 
be  varied  at  will,  is  obtained  by  filling  the  tanks  with  water,  oil  or  other  liquids 
according  to  the  character  of  the  gas,  until  the  level  reaches  the  top  of  the 
aspirating- tank.  A  ."yphon  acts  as  the  outlet  and  a  uniforifi  rate,  if  the  pressure 
of  the  gas  in  constant,  is  obtained  by  attaching  it  to  a  wooden  float.  The 
speed  of  outflow  may  be  regulated  by  the  length  of  the  .syphon  and  the  opening 
or  size  of  the  outlet-noz/le. 

By  arresting  the  downward  movement  of  the  float  and  syphon  by  means 
of  a  shoulder  or  suitable  device,  a  small  amount  of  water  remains  in  the  as- 
pirator; this  acts  as  a  seal  and  automatically  discontinues  the  intake  of  gas. 
By  Glodng  the  stopcocks  A  and  D  the  operation  is  completed. 


Fia.219.  Apparatus 
Sampling  Gas. 
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These  tanks  may  be  constructed  to  crate,  in  compact  form  for  transporta- 
tion, a  20-liter  s(l&aa  aspi rating-bottle,  as  shown  in  Fig.  219. 

This  bottle  is  to  be 
used  when  the  gas  to 
be  sampled  would  at- 
tack the  metal  aspira- 
ting-tank.  If  a  layer 
of  some  non-absorbing 
oil  is  placed  on  the 
surface  of  the  water 
the  original  composi- 
tion of  the  gas  is  iin- 
afTccted. 


Fio.  220.     Apparatus  for  Sampling  Gas. 


{b}  When  mercury  must  be  used  because  of  the  solubility  of  the  gas  in 
water,  an  apparatus  similar  to  that  illustrated  by  Fig.  220,  originated  by  Thomas 
Gray,  J.  Soc.  Chem.  Ind.,  32,  10!)2,  will  be  found  convenient. 
'  "  It  consists  essentially  of  an  ordinary  gas-aampling  tube  N,  attached  to  a 
reservoir  J,  which  is  counterpoised  by  a  vessel  R  floating  in  a  tank  Q,  the  float 
being  connected  with  J  by  means  of  a  cord  which  passes  over  the  pulleys  P. 

"The  float  R  may  be  a  tinned-iron  vewiel  or  glass  bottle  containing  the 
necessary  quantity  of  water  or  lead  shot  to  establish  the  balance.  The  height 
of  the  tank  Q  must  be  greater  than  the  length  of  the  sampling-tube  A',  the 
overflow-tube  /  shouhl  be  slightly  longer  than  iV,  and  the  length  of  the  wider 
tube  H,  which  merely  serves  to  prevent  loss  of  mercury  by  splashing,  should 
slightly  exceed  that  of  /. 

"The  jet  V,  umler  pressure  which  may  be  regulated  by  adjustment  of  the 
overflow  W,  through  which  the  exce^^s  of  water  from  U  escapes  to  the  waste, 
delivers  sufficient  water  diiring  the  specified  period  to  raise  the  level  in  the 
tank  to  a  height  equal  to  the  length  of  the  sampling-tube. 

"As  the  water-level  rises,  the  reservoir  /  is  steadily  lowered,  drawing  the 
gas  uniformly  into  the  sampling  tube,  and  the  mercury,  thus  displaced,  escapes 
through  the  overflow-tube  /  to  the  bottle  //.  By  means  of  an  aspirator  a 
rapid  current  of  gas  is  drawn  along  the  tube  F  which  is  connected  to  the  flue 
or  gas-main  by  means  of  the  sampling  tube  (Fig.  215),  a  suitable  filter  being 
interposed,  if  necessary,  to  retain  any  solid  particles.  The  connection  .4, 
between  the  sampling  tube  and  the  tube  F,  is  preferably  made  of  capillary 
tubing  3  to  4  inches  long,  to  prevent  the  diffusion  of  the  gas  backwards  from 
N  to  F.  If  <lesired,  a  small  non-return  mercury  valve  may  be  inserted  at  this 
point. 
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"To  start  the  apparatus,  the  tube  F  is  conaected  with  the  gas  supp'y  and 
a  rapid  current  of  gas  is  drawn  through  F  by  means  of  the  aspirator. 

"The  rubber  tube  connecting  the  jet  V  with  the  water-supply  is  then 
closed  by  the  clip  S,  and  the  water  is  allowed  to  run  into  T  and  to  overflow 
freely  through  W  the  height  of  which  has  previously  been  adjusted  to  the  de- 
sired level.  Water  is  now  run  from  the  tank  Q  until  the  top  of  the  overflow- 
tube  /  is  at  the  level  of  the  shoulder  of  the  gas  tube  N,  and  /  and  N  are  now 
filled  with  mercury  by  means  of  a  small  funnel  in  J.  The  capillary  A  is  finally 
filled  with  mercury  by  raising  the  reservoir  /,  the  lower  stopcock  of  the  samp- 
ling-tube is  closed,  and  J  is  then  lowered  to  it*!  former  position  and  filled  to 
the  overflow-tube  with  mercury;  the  operation  of  Rampling  may  now  be  com- 
menced by  opening  the  lower  stopcock  of  the  gas  tube  iV  and  starting  the  flow 
of  water  from  the  jet.  The  aspirator  and  the  water-supply  to  T  remain  in 
operation  during  the  whole  period  of  the  test  and  the  apparatus  requires  no 
further  attention. 

"The  period  of  sampling  may  be  varied  in  a  number  of  different  ways: 

(1)  "Jets  may  be  constructed  to  deliver  the  requisite  quantity  of  water  in 
epecifled  times;  these  are  easily  drawn  from  glass  tubing  in  a  blowpipe-flame, 
the  final  adjustment  being  effected  by  altering  the  head  of  water  in  T. 

(2)  "Tanks  of  various  diameters  may  be  employed. 

(3)  "The  height  of  the  sampling  tube  N  may  be  varied." 
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Detection  and  Estimation  of  Alcohol 

Detection  of  Alcohol.  Ethyl  or  "  grain  alcohol "  CiHiOH  boils  at  78.4°  C. 
BO  that  it  readily  distills  with  steam.  If  an  appreciable  amount  of  alcohol  ia 
present  in  the  liquor  it  may  be  detected  by  the  odor  of  the  solution  or  in  the 
first  fraction  of  its  distillate. 

lodofoim  Test.  A  few  cc.  of  the  liquor  are  distilled  and  to  this  distillate  is 
added  a  small  crystal  of  iodine  or  a  few  cc.  of  aqueous  solution  of  iodine-potas- 
sium iodide  solution,  followed  by  sufhcient  potassium  hydroxide  to  give  the 
liquid  a  distinct  yellow  to  brownish  color.  The  solution  is  warmed  gently. 
If  alcohol  is  present  a  whitish  to  lemon  yellow  precipitate  of 
iodoform  will  appear.  The  odor  of  iodoform  may  be  noted. 
If  the  crystals  form  slowly  they  are  deposited  in  form  of  per- 
fect stars  and  hexagonal  plates.  This  test  is  not  conclusive  of 
alcohol  as  other  organic  materials  also  give  iodoform. 

Berthelofs  Test.  The  distillate  of  the  liquid  is  vigorously 
agitated  with  a  few  drops  of  benzoyl  chloride  and  4  or  5  drops  of 
10%  solution  of  sodium  hydroxide,  until  the  penetrating  odor  of 
benzoyl  chloride  has  disappeared.  The  characteristic  odor  of 
ethyl  benzoate  will  be  detected  if  alcohol  is  present  in  the  liq- 
uid tested. 

Reaction:    C.H»OH-fC.H..COCH-KOH  =  C,Hi.CO.OC,Hs 
+KCI+HiO.  I 

Btl^  Acetate  Test.    The  liquid  (distillate)  is  mixed  with  the  ^ 
same  volume  of  concentrated  sulphuric  acid.     A  very  small 
quantity  of  anhydrous  (fused)  sodium  acetate  is  added  and  the 
mixture  warmed.    The  odor  of  ethyl  acetate  will  be  recognized 
if  alcohol  was  present  in  the  liquid  tested. 

ReacUona:  CiH.OH-|-H,SO.  =  C,HiO.SO,.OH, 
CiH,0.SO..OH-|-CH..C0.ONa=CHj.CO.0C>H,-|-N8HSO<. 


Determination  of  Alcohol 

In  carbonated  liquids  the  carbon  dioxide  should  first  i>e  ex-  pio.  221.    Pyc- 
pelled  by  pouring  the  liquor  back  and  forth  from  one  beaker  to        nometer. ' 
another,  or  by  vigorously  shaking  the  sample  in  a  large  sepa- 
rately funnel  and  drawing  off  the  lower  portion,  repeating  this  several  times  if 
necessary.    After  treatment  the  liquid  should  be  free  from  foam. 

Distillation  Method.     This  is  the  most  accurate  method  for  determination 

of  alcohol.     A  convenient  quantity  of  the  sample  is  accurately  measured  or 

weighed,  according  to  whether  the  per  cent  by  weight  or  measure  is  desired. 

•Edited  by  Wilfred  W.Scott. 
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The  weight  taken  varies  from  25  to  100  grams,  according  to  the  alcohol  content 
of  the  aample. 

The  sample  is  placed  in  a  250  to  400  cc.  round-bottom  flask  and  diluted  to 
150  cc.  The  flask  is  connected  to  a  condenser  and  90  to  95  cc.  of  the  liquid  ii 
distilled  into  a  narrow-necked  flask.  The  distillate  is  made  to  exactly  100  ee. 
with  distilled  water. 

The  spccilic  gravity  of  the  thoroughly  mixed  distillate  is  taken  by  means 
of  the  pycnometer  or  by  the  Westphal  balance,  the  temperature  of  the  liquid 
being  exactly  15.6"  C.  From  the  specific  gravity  the  corresponding  percentage 
of  alcohol  by  weight  or  by  volume,  or  the  grams  per  100  cc.  in  the  distillate, 
is  ascertained  from  the  accompanying  tables. 

The  percentage  of  alcohol  by  weight  in  the  sample  is  obtained  by  multi- 
plying the  per  cent  by  weight  in  the  distillate  by  the  weight  of  the  distillate, 
and  dividing  by  the  weight  of  the  sample  taken.    The  per  cent  by  volume  is 
obtained  by  multiplying  the  per  cent  by  volume  in  the  distillate  by  100  and     , 
dividing  by  the  volume  of  the  sample  taken.  ^ 

Evaporation  Method.  Should  a  distillation  apparatus  not  be  available  tbe 
following  method  may  be  used.  The  specific  gravity  of  the  original  sample  is 
determined,  the  temperature  being  regulated  to  15.6°  C  A  measured  portion 
of  the  liquor  (50-100  cc.)  is  placed  in  a  porcelain  dish  over  a  water  bath  and 
three  fourths  of  its  volume  evaporated  off.  The  concentrate  is  diluted  to  ex- 
actly its  original  volume  and  its  specific  gravity  again  taken  at  15.6°  C.  To 
apply  the  table  add  1  to  the  original  specific  gravity  and  from  this  total  sub- 
tract the  second  specific  gravity.  The  difference  is  the  specific  gravity  corre- 
sponding to  the  alcohol  in  the  liquor.  For  example  if  the  specific  gravity  of  the 
original  solution  was  0.9989  and  the  de-alcoholized  sample  was  1.0005.  Then 
1.9989-  1.0005  =  .9984  =  1.06%  alcohol,  by  volume. 

If  the  liquor  is  free  from  residue  its  specific  gravity  may  be  taken  directly 
without  distillation  and  the  alcohol  content  determined,  provided  it  is  a  mixture 
of  water  and  alcohol. 

Analysis  of  Qrain  Alcohol  (Ethyl  Alcohol,  Spirits  of  Wine, 
Cologne  Spirits) 

Per  cent  Ethyl  Alcohol.  The  method  of  determining  per  cent  of  alcohol 
by  the  distillation  of  the  alcohol  from  liquors  has  already  been  discussed.  In 
straight  grain  alcohol  the  specific  gravity  may  be  taken  directly  by  means  of 
the  Westphal  balance  or  by  means  of  the  pycnometer  and  the  amount  <rf 
alcohol  by  weight  or  volume  obtained  from  the  tables  on  page  1526. 

Proof.  Thi.s  is  obtained  by  multiplying  the  per  cent  by  volume  of  the 
ethyl  alcohol  by  2. 

Non-volatile  Residue.  100  cc.  of  the  sample,  in  a  large  platinum  (tared) 
dish  are  evaporated  on  the  water  bath  to  a  moist  residue.  The  evaporation  to 
dryness  is  accomplished  in  a  water  oven  for  two  and  a  half  hours  at  100°  C. 
The  weight  of  the  residue  divided  by  the  specific  gravity  gi\-ea  per  cent  of 
non- volatile  residue. 

Acidity  Expressed  as  Acetic  Acid.  lOcc.  of  the  alcohol  are  titrated  withN/10 
NaOH  in  presence  of  phenol phthalein  indicator. 

1  cc.  N/10  NaOH  =  0.006  gram  acetic  acid. 
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Distilled  Solviion  for  Determining  Aldehydes,  Furfural  ond  Esters  (A).  To 
250  cc.  of  the  saiuple  30  cc.  of  water  nre  udded  and  the  liquor  distilled  into  a 
250  cc.  volumetric  Husk.  When  the  distillate  lias  almost  reached  the  mark 
the  distillation  is  discontinued  and  the  volume  made  up  to  mark  by  addition  of 
water.  The  distillate  contains  all  the  aldehyde,  furfural  and  esters.  1  cc.  of 
this  solution  is  equivalent  to  1  cc.  of  the  original  sample. 

ALDEHYDES 

Qualitative  Examination 

Alkaline  Silver  Nitrate  Reagent.  Three  grama  of  AgNO)  are  dissolved  in 
a  little  water  in  a  100  cc.  volumetric  flask,  3  grama  of  pure  NaOH  are  added 
followed  by  20  cc.  of  strong  NaOH  and  the  whole  made  to  100  cc. 

Test.  Ten  cc.  of  the  sample  are  diluted  with  an  equal  volume  of  water  in 
a  glass  stoppered  bottle,  1  cc.  of  the  alkaline  silver  reagent  added,  and  the 
bottle  is  closed  and  placed  in  a  dark  chamber  for  an  hour.  The  liquid  is  now 
filtered  and  the  filtrate  made  acid  with  HNOi  and  a  few  drops  of  HCI  added. 
A  precipitate  of  AgCI  indicates  the  non-reduction  of  the  silver  salt  and  conse- 
quently a  negligible  amount  of  aldehyde  in  the  sample. 

Quantitative  Determination  of  Aldehyde 

Reagents.  Alcohol— Aldehyde-free.  To  1,5  liters  of  95%  ethyl  alcohol 
are  added  25  grams  of  NaOH  in  a  large  distilling  flask  and  all  but  100  cc. 
distilled  over.  To  this  distillate  are  added  2.5  grams  of  meta-phenylenediamine 
hydrochloride,  the  sample  being  placed  in  a  large  flask  with  reflux  condenser. 
After  heating  on  a  steam  bath  for  several  hours  the  solution  is  distilled  down 
to  about  200  cc.  The  distillate  (rejecting  the  first  100  cc,)  is  placed  in  a 
stoppered  bottle  for  use. 

Fuchsin -Sulphite  S<dution.  Tp  0.5  gram  of  fuchsin  dissolved  in  500  cc. 
of  water  are  added  5  grams  of  SOj  dissolved  in  water.  (100  cc.  HjO  saturated 
with  SO,  at  20°  C.  contains  11.29  g.  SO,,  at  15°  C.  =  13.5.  g.  SO.— Seidell. 
Determine  by  titrating  with  N/10  iodine  sol.  1  cc.  =  .0032  g.  SO,.)  Dilute 
to  1000  cc.  and  allow  to  stand  until  colorless.  The  solution  retains  its  strength 
only  a  few  days,  so  should  be  made  up  in  small  quantities  at  a  time. 

Standard  Acetaldehyde  Solution.  Five  grams  of  ahlehyde  ammonia  are 
purified  by  repeated  extraction  with  ether,  grinding  the  salt  with  the  ether 
in  a  mortar  asd  decanting  off  the  ether.  The  salt  is  dried  by  blowing  air 
over  it  and  finally  placing  it  in  a  vacuum  desiccator  over  strong  H-Sd.  1.386 
gram  of  the  purified  salt  ia  dissolved  in  50  cc.  of  the  95%  alcohol  reagent  pre- 
pared as  stated  above.  To  this  are  added  22.7  cc.  of  N  alcoholic  HiSOi 
(49.04  grams  HiSOt  made  up  to  1000  cc.  with  95%  alcohol)  and  the  solution 
made  to  100  cc.  with  95%  alcohol.  To  compensate  for  the  (NHOiSO,  pre- 
cipitated 0.8  cc.  alcohol  is  added.  After  standing  all  night  the  solution  is 
filtered.  100  cc.  of  this  reagent  contains  1  gram  of  acetaldehyde.  It  retains 
its  strength. 

Reagant  for  Standard.  Two  cc.  of  the  above  solution  diluted  with  50% 
aleohol  to  100  cc.  1  cc.  contains  0.0002  gram  acetaldehyde.  Make  up  fresh 
for  use. 
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Procedure  for  Aldehydes  I 

Ten  cc.  of  the  solution  A  are  diluted  to  50  cc.  with  the  aldehyde  free  alcohol 
(diluted  to  50%  by  volume)  25  cc.  of  fuchsin  reagent  are  added  and  the  mixtura 
allowed  to  stand  for  15  minutes  (all  reagents  and  the  sample  should  be  at  15°  C.)'     J 
The  solution  is  now  compared  col ori metrically  with  standards  made  up  ia  the     1 
same  way.     Nessler  tubes  may  be  used.     Comparison  may  be  made  io  ft     i 
colorimeter.     From  this  the  per  cent  aldehyde  ia  readily  calculated. 

Determination  of  Furfural 

Standard  Furfural  Reagents.  One  gram  of  freshly  redistilled  furfural  is 
disaolved  in  100  cc.  95%  alcohol  (furfural  free).    This  solutJun  keeps. 

One  cc.  of  the  strong  solution  is  diluted  to  100  cc,  with  50%  (by  volume) 
alcohol.     1  cc,  =  0.0001  gram  furfural. 

Procedure.  Twenty  cc.  of  the  distilled  solution  (A)  are  diluted  to  50  cc. 
with  50%  (by  volume)  of  furfural-free  alcohol.  To  this  are  added  2  cc.  of 
colorless  aniline  and  0.5  cc.  of  dilute  HCl  (5  :  4)  and  the  mixture  placed  in  a 
water  bath  at  15°  C.  for  fifteen  minutes,  Colorimetric  comparison  is  now 
made  with  stntidards  containing  known  amounts  of  furfural,  the  solutions  being 
prepared  in  the  same  way  as  the  sample. 

Determination  of  Esters  Expressed  as  Ethyl  Acetate 

Fifty  cc.  of  the  distilled  solution  (A)  in  an  Erienmeyer  flask  are  eMCtly 
neutralized  with  N/10  NaOH  (phenolphthalein  indicator)  and  about  50  cc. 
excess  added,  the  exact  amount  being  recorded.  The  solution  is  boiled  for  an 
hour  with  reflux  condenser.  After  cooling,  the  excess  of  alkali  is  titrated  with 
N/10  acid.  The  cc.  N/10  NaOH  consumed  in  the  saponification,  multiplied 
by  0.0088  gives  the  gram  weight  of  esters  calculated  as  ethyl  acetate.  This 
weight  divided  by  the  specific  gravity  of  the  sample  and  multiplied  by  2  gives 
per  cent. 

Determination  of  Pusel  Oil 

Fifty  cc.  of  the  original  sample,  in  an  Erienmeyer  flask,  are  diluted  with  an 
equal  volume  of  water  and  20  cc.  of  N/5  NaOH  added.  The  mixture  is  now 
saponified  by  boiling  for  an  hour  with  reflux  condenser.  The  flask  is  connected 
to  a  condenser  and  about  90  cc.  distilled  into  a  deep  beaker.  25  cc.  of  water 
are  added  to  the  flask  and  the  distillation  continued  until  the  total  volume 
of  the  distillate  is  115  cc.  Finely  ground  salt  (NaCl)  is  now  added  until  the 
solution  is  almost  saturated  and  a  saturated  solution  of  NaCl  added  until  the 
specific  gravity  of  the  solution  is  1.10.  The  solution  placed  in  a  separatory 
funnel  is  extracted  four  times  with  carbon  tetrachloride,  CCU,  using  40,  30,  20 
and  10  cc.  CCU  respectively.  To  the  extract  in  a  separatory  funnel  10  cc.  of 
KOH  solution  (1  :  1)  are  added.  This  solution  is  cooled  in  ice  water  to  0°  C. 
and  at  the  same  time  100  cc,  accurately  measured,  of  KMnOi  solution  (20 
grams  per  liter)  in  a  flask.  When  cooled  to  0°  C.  the  bulk  of  the  KMnO. 
solution  is  added  to  the  extract,  leaving  the  rinsing  out  of  the  flask  until  later. 
The  mixture  removed  from  the  ice  bath  is  shaken  vigorously  for  five  minutes, 
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then  set  aside  for  half  an  hour  allowing  it  to  warm  up  to  room  temperature 
(20-25°  C). 

Into  a.  liter  Erienmeyer  flask  are  measured  accurately  100  cc.  of  HiOi  solu- 
tion (2%  stronger  than  the  KMiiOi  solution)  followed  by  100  cc.  of  25% 
HjSOi  and  to  this  mixture  are  added  slowly  the  contents  of  the  separatory 
funnel,  swirling  to  get  an  even  distribution.  (The  acid  solution  should  be 
constantly  in  excess.)  The  rinsing  of  the  separatory  funnel  and  the  flaBk 
containing  the  residue  of  the  KMnO,  are  added  and  the  excess  of  the  HiOj 
determined  by  titration  with  standard  KMnOt  solution  (10  grams  KMnO< 
per  liter). 

Blank.  The  same  amounts  of  stronger  KMnO,,  KOH,  H,0,  and  H^SO, 
are  mixed  side  by  side  with  the  sample  and  the  residual  Il-Oi  determined  with 
the  standard  KMnO*  to  determine  the  blank.  This  is  subtracted  from  the 
flrst  titration  and  the  dilTerence  multiplied  by  the  value  of  the  standard 
KMnO,.  If  this  is  exactly  10  grams  per  liter  as  determined  by  titration  with 
N  HiCO,  then— 

1  cc.  KMnO.  =  0.696  gram  amyl  alcohol.     (KMnO,  10  g.  per  liter.) 

Note.  1  cc.  N  H.CjO,  -  0.03161  g.  KMnO..  The  standard  KMnO,  should 
contain  0.01  g.  per  ec.  of  the  reagent. 

Detection  of  Nitrates  in  Grain  Alcohol 
Fifty  cc.  of  the  sample  are  neutralized  with  N/10  NaOH  ( phenol phthalein 
indicator)  and  evaporated  to  a  moist  residue.  A  little  distilled  water  is  added 
and  1  cc.  of  phenoldisulphonic  acid  and  the  mix  made  alkaline  with  NH,OH. 
A  bright  orange  color  indicates  the  presence  of  nitrates.  Run  a  blank  on  the 
water  used.     See  subject  of  nitrates  in  the  chapter  of  Water. 

Determination  of  Sulphur  Compounds  in  Qrain  Atcohol 

A  hundred  cc.  of  the  alcohol  are  made  slightly  alkaline  with  N/10  NaOH 
(phenol phthalein)  and  5  cc.  H:02  added,  preferably  in  a  large  platinum  dish. 
The  residue  is  ignited  over  an  alcohol  flame  then  taken  up  with  50  cc.  of  water, 
5  cc.  dilute  HCl  added  and  5  cc.  10%  BaCl-.  The  precipitated  BaSO,  is 
filtered  off,  ignited  and  weighed  according  to  the  customary  procedure. 
BaSO,  X  0.1373  -  S. 

Determination  of  Methyl  Alcohol,  Wood  Spirit,  Wood  Naphtha, 
Wood  Alcohol,  Etc. 

See  Methyl  Alcohol  in  section  following  the  tables  on  alcohol. 
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Gilpin,  Drikkwater,  and  StiDifiB 


Spmifio 

Alcobta 

Sp«iBe 

Alcohol 

G.jv,.y.. 

pwcenl 

pwwnl 

Gnmu 

Gtuvny  (t 

percent 

perMDt 

CnuH 

^F. 

by 

A 

f 

^^■ 

by 

vol-™. 

A. 

IcTc. 

1-00000 

0.00 

0  00 

0.00 

.99473 

3.60 

2  88 

2.86 

0.90984 

0  10 

0.08 

0.08 

.99459 

3.70 

2.96 

2.94 

.99968 

0.20 

0,16 

0  16 

.99445 

3.80 

3.04 

3.02 

.99953 

0.30 

0.24 

0.24 

.99431 

3.90 

3.12 

3.10 

.98937 

0.40 

0.32 

0.32 

.99417 

4.00 

3.20 

3.18 

.99923 

0,50 

0,40 

0,40 

.99403 

4.10 

3.28 

3.26 

.99907 

0,60 

0.48 

0.48 

,99390 

4.20 

3.30 

3.34 

.99892 

0.70 

0.56 

0.50 

.99376 

4.30 

3.44 

3.42 

.99877 

0  SO 

0,64 

0-64 

.99363 

4.40 

3.52 

3.50 

.99861 

0.90 

0,71 

0-71 

.99349 

4,50 

3.60 

3  58 

.99819 

1.00 

0.79 

0  79 

.99335 

4.60 

3.68 

3.66 

.99834 

1.10 

0.87 

0-87 

.99322 

4.70 

3,76 

3.74 

.99819 

1.20 

0.95 

0-95 

.99308 

4.80 

3  84 

3.81 

.99805 

1.30 

1.03 

1.03 

.99295 

4.90 

3.92 

3.89 

.99790 

1.40 

1.11 

1.11 

.99281 

5.00 

4.00 

3.97 

.99775 

1.50 

1.19 

1.19 

.99268 

5  10 

4  08 

4.05 

.99760 

1.60 

1.27 

1.27 

.99255 

5.20 

4.16 

4.13 

.99745 

1.70 

1.35 

1.35 

.99241 

5.30 

4  24 

4.21 

.99731 

1.80 

1,43 

1.43 

.99228 

5.40 

4.32 

4,29 

.99716 

1,90 

1.51 

1.51 

,99215 

5.50 

4.40 

4.37 

.99701 

2.00 

1.59 

1.59 

.99202 

5  60 

4.48 

4.44 

,99687 

2.10 

1.67 

1.06 

.99189 

5.70 

4,56 

4,52 

.99672 

2,20 

1.75 

1,74 

.99175 

5,80 

4  64 

4,60 

.990.>8 

2  30 

1.83 

1.82 

.99162 

5.90 

4.72 

4.68 

.99643 

2.40 

1.91 

1.90 

.99149 

6.00 

4.80 

4.76 

.99629 

2.50 

1.99 

1,98 

-99136 

6  10 

4,88 

4.84 

.99615 

2  60 

2.07 

2.06 

.99123 

6.20 

4  96 

4.92 

.99600 

2.70 

2.15 

2.14 

.99111 

6  30 

5.05 

5.00 

.99586 

2.80 

2,23 

2,22 

.99098 

6  40 

5,13 

5-08 

.99571 

2  90 

2.31 

2,30 

.99085 

6,50 

5.21 

5.16 

.99557 

3.00 

2  39 

.99072 

6.60 

5  29 

5,24 

.99543 

3.10 

2,47 

246 

.99059 

6.70 

5,37 

5,32 

.99529 

3  20 

2.55 

2.54 

.99047 

6  80 

5.45 

540 

.99515 

3.30 

2  W 

2.62 

.99034 

6.90 

5  53 

5,48 

.99501 

3.40 

2.72 

2.70 

.99021 

7,00 

5.61 

5.56 

.9WS7 

3,50 

2  80 

2.78 

.99009 

7.10 

5.64 

.98996 

7.20 

5.77 

5.72 

.98513 

11,30 

9  U 

8  97 

.98984 

7  30 

5.86 

5.80 

.98502 

11.40 

9,19 

9.05 

.98971 

7.40 

5  9-1 

5.88 

.98491 

11.50 

9  27 

9.13 

.98959 

7,50 

G.02 

5.96 

,98479 

11.60 

9  35 

9-21 

.98947 

7.60 

6.10 

6,04 

.98468 

11.70 

9  43 

9  29 

.98934 

7  70 

6,18 

6,11 

.98457 

11.80 

9,51 

0.36 

.98922 

7.80 

0,26 

8  19 

,98446 

11.90 

9,59 

9.44 

.98909 

7.90 

6.34 

6.27 

.98435 

12  00 

9.07 

9.52 

.98897 

8.00 

6.42 

6.35 

.98424 

12.10 

9.75 

9.60 

.98885 

8,10 

6  .50 

6,43 

.98413 

12.20 

9.83 

9  68 

.98873 

8.20 

6  .S8 

6.51 

.98402 

12.30 

9  92 

9.76 

.98861 

8.30 

6  67 

6  59 

.98391 

12.40 

10  00 

9  84 

,98,849 

8.40 

6.75 

6.67 

.98381 

12.50 

10.08 

9.92 

.98837 

8-50 

6.83 

6.75 

.98370 

12.60 

10.16 

10,00 

*  Bulletin  No.  65,  U.  S.  Department  of  Agricultuie. 


MISCELLANEOUS  1527 

PERCENTAGE  OF  ALCOHOL  BY  VOLUME  AND  BY  WEIGHT 
(Continued) 




Spedfio 
Gnvity  M 

kwtific 

p.r«nt 

D*r«nt 

c™«       ° 

TivLy  M 

percent 

percent 

Qimm* 

%^' 

vcl^™. 

A. 

idTJc, 

^F. 

by 
volume. 

by 

weight. 

..Tec. 

.98825 

8.60 

6,91 

6.83 

98359 

12.70 

10,24 

10.07 

98813 

8.70 

6.99 

6.91 

98348 

12.80 

10,33 

10,15 

98801 

8.80 

7.07 

6.99 

98337 

12.90 

10,41 

10,23 

98789 

8.90 

7.15 

7,07 

98326 

13.00 

10,49 

10,31 

98777 

9.00 

7,23 

7,14 

98315 

13.10 

10,57 

10,39 

98765 

9.10 

7,31 

7,22 

98305 

13.20 

10,65 

10,47 

98754 

9.20 

7,39 

7,30 

98294 

13,30 

10,74 

10,55 

98742 

9,30 

7,48 

7,38 

98283 

13,40 

10,82 

10,63 

98730 

9,40 

7,56 

7.46 

S8273 

13,50 

10  90 

10.71 

98719 

9.50 

7.64 

7.54 

98262 

13,60 

10.98 

10.79 

98707 

9.60 

7.72 

7,62 

98251 

13,70 

11,06 

10,87 

98695 

9  70 

7,80 

7,70 

98240 

13-80 

11,15 

10,95 

98683 

9.80 

7,88 

7,78 

98230 

13.90 

11,23 

11,03 

98672 

9.90 

7,96 

7.85 

98219 

14.00 

11,31 

11,11 

98660 

10.00 

8,04 

7,93 

98209 

14,10 

11,39 

11,19 

98649 

10.10 

8,12 

8,01 

98198 

14  20 

11,47 

11,27 

9S837 

10.20 

8,20 

8,09 

98188 

14,30 

11,56 

11.35 

S8626 

10.30 

8,29 

8.17 

98177 

14,40 

11,64 

11.43 

98614 

10.40 

8.37 

8.25 

98167 

14,50 

11,72 

11.51 

98303 

10.50 

8,45 

8.33 

98156 

14.60 

11.80 

11.69 

98-592 

10.60 

8.53 

8.41 

98146 

14.70 

11.88 

11,67 

9S580 

10.70 

8.61 

8-49 

98135 

14.80 

11.97 

11,75 

93569 

10,80 

8,-0 

8.57 

98125 

14.90 

12.05 

11,82 

98567 

10.90 

8,78 

8.65 

98114 

15.00 

12.13 

11.90 

93546 

11.00 

8,86 

8,73 

98104 

15.10 

12.21 

11.98 

93535 

11.10 

8,94 

8.81 

98093 

15.20 

12.29 

12,06 

98524 

11.20 

9,02 

■98083 

15,30 

12,38 

12.14 

98073 

15,40 

12.46 

12:22 

97658 

19.50 

15,84 

15,47 

98063 

15,50 

12.54 

12.30 

97648 

19,60 

15  93 

15.55 

9i052 

15.60 

12,62 

12.37 

97638 

19-70 

16  01 

15,63 

9*042 

15.70 

12.70 

12,45 

97628 

19.80 

16.09 

15.71 

9  ■(032 

15,80 

12.79 

12.63 

97618 

19,90 

16,18 

15.79 

9S02I 

15.90 

12,87 

12.61 

97608 

20,00 

16,26 

15.87 

9son 

16,00 

12.05 

12  69 

97598 

20,10 

16.34 

15.95 

g'iooi 

16,10 

13.03 

12.77 

97588 

20,20 

16,42 

16.03 

97991 

16.20 

13.12 

12.85 

975-8 

20,30 

16,51 

16.10 

97980 

16,30 

13  20 

12.93 

97568 

20,40 

16  59 

16.18 

97970 

16,40 

13.29 

13  01 

97558 

20,50 

16.67 

16.26 

97960 

16.50 

13.37 

13.09 

97547 

20,60 

16.75 

16.34 

979.50 

16,60 

13.45 

13.17 

97537 

20,70 

16. S4 

16.42 

97940 

16,70 

13,53 

13,25 

97527 

20.80 

16  92 

16.50 

97929 

16,80 

13  62 

13.33 

97517 

20.90 

17  01 

16.58 

97919 

16.90 

13.70 

13.41 

97507 

21.00 

17,09 

16.66 

97909 

17,00 

13.-8 

13.49 

97497 

21,10 

17.17 

16.74 

97899 

17.10 

13.86 

13  57 

97487 

21,20 

17.26 

16.82 

97889 

17,20 

13,94 

13.65 

97477 

21,30 

17.34 

16.90 

97879 

17,30 

14,03 

13.73    i 

97467 

21,40 

17,43 

16.98 

97869 

17,40 

14,11 

13  81    1 

97457 

21.. 50 

17.. 51 

17.06 

97859 

17.50 

14.19 

13  89    1 

97446 

21.60 

17.59 

17.14 

97848 

17.60 

14,27 

13.96     1 

97436 

21,70 

17.67 

17,22 

97838 

17,70 

14  35 

14, M    1 

97426 

21,80 

17,76 

17,30 

97828 

17,80 

14,44 

14.12    1 

97416 

21,90 

17.84 

17,38 

97818 

17,90 

14,52 

14.20 

97406 

22.00 

17.92 

17.46 
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Specifio 

Alcohol 

Specific 

Alcohol 

Gnvity  St 

per  Hut 

per  tent 

Gnuni 

Giivity  >t 

peroml 

Dcrccol 

Cimna 

OS'"' 

vi. 

..&.. 

nEr«.i 

Z^- 

voU.™. 

A. 

.(Tec 

.97808 

18.00 

14.60 

14  28 

.97396 

22.10 

18,00 

17.64 

.97798 

18-10 

14.68 

14.36 

.97386 

22,20 

18,09 

17.62 

.97788 

18.20 

14.77 

14.44 

.97375 

22,30 

.  18,17 

17,70 

.97778 

18.30 

14.85 

14.52 

.97365 

22,40 

18,26 

17,78 

.97768 

18  40 

14-94 

14-60 

.97355 

22,50 

18,34 

17,86 

.97758 

18.50 

15.02 

14.68 

.97345 

22,60 

18,42 

17,94 

.97748 

18.60 

15.10 

14,76 

.97335 

22,70 

18.51 

18  02 

.97738 

18,70 

15,18 

14.84 

.97324 

22,80 

18.59 

18.10 

.97728 

13.80 

15.27 

14,92 

-97314 

22,90 

18,08 

18,18 

.97718 

18.00 

15,38 

15,00 

.97304 

23,00 

18  76 

18.26 

.97708 

19.00 

15,43 

15,08 

.97294 

23,10 

18.84 

18  33 

.97698 

:9.io 

15,51 

15,16 

.97283 

23,20 

18,92 

18  41 

.97688 

19  20 

15.59 

15,23 

.97273 

23  30 

19  01 

18  49 

.97678 

19.30 

15,68 

15,31 

.97263 

23,40 

19.09 

18.57 

.97668 

19,40 

15,76 

15,30 

.07253 

23,50 

19,17 

18.65 

.97242 

23,60 

19  25 

18,73 

.96806 

27,70 

22.71 

21  98 

.67232 

23.70 

19,34 

18,81 

.96794 

27,80 

22-79 

22  06 

.97222 

23,80 

19,42 

18,88 

.96783 

27,90 

22,88 

22.14 

.97211 

23.90 

19  51 

18.90 

.96772 

28,00 

22.96 

22.22 

.97201 

24,00 

19.59 

19  04 

.9C761 

28.10 

23.04 

22  30 

.97191 

24,10 

19.07 

19,12 

.96749 

2S.20 

23.13 

22.38 

.97180 

24,20 

19,76 

19,20 

.06738 

28.30 

23  21 

22  45 

.97170 

24.30 

19  84 

19.28 

.90726 

28,40 

23  30 

22-53 

.97159 

24,40 

19.93 

19.36 

.06715 

28.50 

23  38 

22  61 

.97149 

24,. W 

20.01 

19,44 

.00704 

28,60 

23.47 

22.69 

.97139 

24.60 

20.09 

19.52 

.90692 

28,70 

23.55 

22.77 

.97128 

24,70 

20.18 

19,60 

.06681 

28.80 

23  64 

22.85 

.97118 

24,80 

20.20 

19,68 

.06069 

28.90 

23.72 

22  93 

.97107 

24.90 

20.35 

19,76 

.90658 

29.00 

23.81 

23  01 

.97097 

25,00 

2U.43 

19.84 

.96646 

29.10 

23.89 

23  09 

.97080 

25,10 

20.51 

19.92 

,90635 

29.20 

23.98 

23  17 

.97076 

25,20 

2U.60 

20,00 

,90623 

29.30 

24  06 

23  35 

.97065 

25,30 

20.08 

20.08 

.96611 

29.40 

24.15 

23  33 

.97055 

25.40 

20.77 

20,16 

,96600 

29. ,50 

24,23 

23.41 

.97044 

25.. 50 

20.85 

20,24 

-96.387 

29.60 

24,32 

23.49 

.97033 

25,60 

20.93 

20,32 

-96.576 

29,70 

24  40 

23  57 

.97023 

25,70 

21.02 

20,40 

,96,564 

29,80 

24.49 

23.65 

.97012 

25,80 

21.10 

20,47 

.96.553 

29.90 

24.57 

23  73 

.97001 

25,90 

21,19 

20,55 

.96541 

30,00 

24.66 

23,81 

.96901 

26.00 

21-27 

20.63 

,96529 

30.10 

24,74 

23.89 

.96980 

26.10 

21.35 

20-71 

,96517 

30-20 

24,83 

23-97 

.96069 

26,20 

21,44 

20-79 

,96.505 

30  30 

34.91 

24.04 

,96959 

26  30 

21-53 

20,87 

.96493 

30-40 

25.00 

24,12 

.96049 

26.40 

21.61 

20.95 

,96481 

30., 50 

35,08 

24.20 

.96937 

26. .50 

21,69 

21.03 

,96469 

30,60 

25.17 

24.28 

.96926 

26,00 

21,77 

21.11 

,96457 

30.70 

25.25 

24-36 

.96915 

26.70 

21,86 

21.19 

,96445 

30.80 

25,34 

24.44 

.96905 

26.80 

21,94 

21,27 

,96433 

30.90 

2.5.42 

24.52 

.06894 

26.90 

22.03 

21.35 

,96421 

31.00 

25.51 

24  60 

.06883 

27.00 

22,11 

21,43 

,90409 

31.10 

25.60 

24.68 

.06872 

27.10 

22.20 

21.51 

,96396 

31.20 

15.68 

24  76 

.068G1 

27.20 

22.28 

21.59 

,96384 

31.30 

25-77 

24.84 

.96aw 

27.30 

22.37 

21.67 

.96372 

31,40 

25.85 

24.93 
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Specific 

Alcohol 

Spedfic 

Alcobol 

G«vi<y  at 

percent 

percent 

Granu 

Gravity  at 

percent 

peretnt 

GrnmB 

d^"- 

by 

by 

by 

by 

per 

volume. 

-eight. 

lOUcc. 

00 

»eisl,l. 

lOUcc. 

.06839 

27.40 

22.45 

21.75 

.96360 

31,50 

25.94 

25,00 

.96838 

27.50 

22.54 

21.83 

.96347 

31  00 

26.03 

25.08 

.96816 

27,60 

22.62 

21,90 

.90335 

31.70 

26.11 

25-16 

.96323 

31.80 

26  20 

25  24 

.95787 

35  90 

29,74 

28.40 

.06310 

31,90 

20,28 

25,32 

.9.5773 

36.00 

29.83 

28,57 

.96298 

32,00 

26,37 

25,40 

.95759 

36.10 

29.92 

28.65 

.06285 

32,10 

26.46 

25.48 

,95745 

36,20 

30,00 

28.73 

.96273 

32,20 

26.54 

25,56 

,05731 

36.30 

30.09 

28,81 

.96260 

32,30 

26,63 

25,64 

.95717 

36.40 

30.17 

28.88 

.96248 

32.40 

26,71 

25,7! 

.95703 

36  50 

30,26 

28.96 

.96235 

32,50 

26,80 

25,79 

.95688 

36,00 

30.35 

29.04 

.96222 

32  00 

26,89 

25,87 

.95674 

36.70 

30.44 

29,12 

.96210 

32.70 

26  97 

2.5.95 

.95660 

36  80 

30,52 

29.20 

.06197 

32,80 

27.06 

26.03 

.95640 

30  90 

30.61 

29.29 

.96185 

32,90 

27-14 

26.11 

.96632 

37.00 

30.70 

29.36 

.06172 

33.00 

27-23 

26.19 

.95618 

37,10 

30,79 

29.44 

.96150 

33.10 

27.32 

26.27 

.95603 

37.20 

30  88 

29.52 

.06146 

33.20 

27.40 

26  35 

.95589 

37.30 

30.96 

29.60 

.06133 

33.30 

27,49 

26  43 

.95574 

37.40 

31,05 

29.68 

.96120 

33.40 

27.57 

26.51 

,95560 

37  .50 

31.14 

29.70 

.96108 

33. 50 

27.66 

26.59 

.95545 

37.60 

31.23 

29,84 

.96095 

33  60 

27,75 

26,67 

.95531 

37.70 

31.32 

29.92 

.96082 

33  70 

27,83 

20-75 

.95516 

37,80 

31.40 

30,00 

.96069 

33  80 

27,92 

26,82 

.9.5.502 

37,90 

31.49 

30,08 

.96050 

33  00 

28,00 

26,90 

.95487 

38.00 

31.58 

30,16 

.96043 

34,00 

28.09 

26,98 

.95472 

38.10 

31.67 

30,24 

,96030 

34,10 

28.18 

27,06 

.05457 

38,20 

31-76 

30,32 

,96016 

34,20 

28.26 

27,14 

.95442 

38.30 

31  85 

30,40 

,96003 

34.30 

28  35 

27,22 

.95427 

38.40 

31,94 

30.48 

,95090 

34,40 

28.43 

27,30 

,95413 

38-50 

32,03 

30.56 

.95977 

34.  M 

28,52 

27,38 

.05398 

38.60 

32.12 

30.64 

.9.5963 

34  60 

28.61 

27.46 

.95383 

38.70 

32.20 

30.72 

.95050 

34.70 

28.70 

27.54 

.9r>36S 

38.80 

32,29 

30.79 

,95937 

34,80 

28,78 

27.62 

.05353 

38.90 

32.37 

30.87 

.95923 

34,00 

28,87 

27.70 

.9:^8 

39-00 

32.40 

30  95 

.05910 

35.00 

28.96 

27.78 

.95323 

39.10 

32,55 

31.03 

.95896 

35.10 

29  ai 

27.86 

.95307 

39,20 

32.64 

31.11 

.95883 

35-20 

29,13 

27.94 

.95292 

39.30 

32.72 

31.18 

.95869 

35,30' 

29.22 

28.02 

.9.5277 

39.40 

32.81 

31  26 

.95855 

35,40 

29.30 

28.09 

,95262 

39.50 

32.90 

31.34 

.95»12 

35,50 

29,38 

28.17 

.95246 

39.60 

32  99 

31.42 

.0,5828 

3.1,60 

29, 4S 

28.25 

.95231 

39.70 

33.08 

31  50 

.95814 

35,70 

29.57 

28  33 

,9.5216 

39,80 

33.17 

31.58 

.95800 

35,80 

29.6.5 

28.41 

.9.5200 

39,90 

33,27 

31.66 

.95185 

40,00 

33.3.5 

31.74 

.&1519 

44  10 

37.02 

34  99 

.95169 

40  10 

33  44 

31,82 

.94.502 

44,20 

37.11 

35.07 

.95154 

40,20 

33.:>3 

31.90 

,94484 

44  30 

37,21 

35.15 

.95138 

40,:t0 

33  61 

31.98 

.W467 

44,40 

37.30 

35.23 

.95122 

40,40 

33  70 

32.00 

.94450 

44  .50 

37.39 

3.5  31 

.95107 

40,. 50 

33.79 

32,14 

.94433 

44  60 

37,48 

35.39 

.9.5091 

40.60 

33  88 

32.22 

.94416 

44,70 

3.5. 57 

35  47 

.9.5075 

40  70 

33,97 

32  30 

.94398 

44.80 

37,66 

35.. 55 

.95059 

40  80 

34.06 

32.38 

.94381 

44.90 

37.76 

35,63 
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PERCENTAGE  OF  ALCOHOL  BY  VOLUME  AND  BY  WEIGHT* 
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Specific 

Alcohol 

Aleohol 

wPif " 

per«nl 

percent 

Cr»fn. 

»r«Dt 

GntM 

55=  F. 

,''*' 

A. 

><sr^. 

555  •'■ 

7}m 

A. 

■Jfk 

.95044 

40.90 

34  15 

32  46 

.94364 

45.00 

37,84 

35.71 

.95028 

41.00 

34.24 

32,54 

.94346 

45,10 

37.93 

35.79 

,9.5012 

41.10 

34.33 

32  62 

.94329 

45,20 

38.02 

35.87 

.94996 

41.20 

34  42 

32.70 

.94311 

45.30 

38.12 

33.95 

.94980 

41.30 

34.50 

32.78 

.94294 

45.40 

38.21 

36.03 

.94giH 

41.40 

34.59 

32.86 

.94276 

45.50 

38.30 

36.11 

.94948 

41. 50 

34.08 

32.93 

.94258 

45-60 

38.39 

36.19 

.94932 

41.60 

34.77 

33,01 

.94241 

45.70 

38.48 

36.20 

.94916 

41.70 

34.86 

33.09 

.94223 

45.80 

38.57 

36.34 

.94900 

41,80 

34.95 

33.17 

.94206 

45  90 

38,66 

36.42 

.94884 

41.90 

35,04 

33,25 

.94188 

46.00 

38,75 

36.50 

.94868 

42.00 

33.13 

33,33 

.94170 

46.10 

38.84 

36.58 

.94S.'i2 

42,10 

35.22 

33.41 

.94152 

46  20 

38.93 

36.66 

.94835 

42  20 

35  31 

33.49 

.94134 

46.30 

39.03 

36.74 

.94810 

42.30 

35.40 

33.57 

.94116 

46.40 

39.12 

36.82 

.94802 

42,40 

35  49 

33.65 

.94098 

46.50 

36.90 

.94786 

42  .50 

35. .58 

33.73 

.94080 

46.60 

39^30 

36-98 

.94770 

42.  GO 

35.67 

33.81 

.94062 

46.70 

39.39 

37.06 

.94753 

42,70 

35.76 

33.89 

.94044 

40.  SO 

39.49 

37.13 

.94737 

42.80 

35.85 

33.97 

.94026 

46.90 

39. 58 

37.21 

.94720 

42.90 

35,94 

34.04 

.94008 

47,00 

39.67 

37.29 

.94704 

43  00 

36  03 

34.12 

.93990 

47,10 

39.76 

37.37 

.94687 

43.10 

36  12 

34  20 

.93971 

47,20 

39.85 

37.45 

.94670 

43  20 

36.21 

34.28 

.93953 

47.30 

39  95 

37.53 

.94654 

43.30 

36,30 

34  36 

.93934 

47.40 

40.04 

37.61 

.94637 

43.40 

36  39 

34  44 

.93916 

47.50 

40.13 

37.69 

.94620 

43,-50 

36.48 

34.52 

.93898 

47.60 

40.22 

37.77 

.94003 

43  60 

36. 57 

34.60 

.93879 

47.70 

40.32 

37-85 

.94.586 

43.70 

36  66 

34.68 

.93861 

47.80 

40.41 

37.93 

.94570 

43.80 

36.75 

34.76 

.93842 

47,90 

40.51 

38.01 

.94553 

43.90 

36  84 

34.84 

.93824 

48.00 

40.60 

38.09 

.94.536 

44  00 

36  93 

34  91 

.93805 

48.10 

40.69 

38.17 

.93786 

48.20 

40  78 

38.25 

.93617 

49.10 

41.61 

38.96 

.93768 

48.30 

40  88 

38  33 

.93598 

49  20 

41.71 

39.04 

.93749 

48.40 

40.97 

38  41 

.93578 

49.30 

41.80 

39.12 

-937.30 

48.. 50 

41.06 

38.49 

.935.59 

49.40 

41.90 

39.20 

.93711 

4.8.00 

41.15 

38. 57 

.93.540 

49. 50 

39. 2S 

.93692 

48.70 

41.24 

38  65 

.93.i2I 

49,60 

42!0S 

39.36 

,93679 

48.  SO 

41.34 

38.72 

.93502 

49.70 

42.18 

39.44 

.936.55 

48.90 

41.43 

38.80 

.93482 

49.80 

42.27 

39.52 

.93636 

40,00 

41,52 

38.88 

.93463 

■» 

49  90 

42.37 

39.60 

*  Sec  additional  tables  in  Chem.  Annual,  D.  \'aii  Nostrand  Co. 
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METHYL  ALCOHOL 

Detection  of  Methyl  Alcohol — Method  of  Riche  and  Bardy' 
The  following  method  for  the  detection  of  methyl  alcohol  in  commercial 
spirit  of  wine  depends  on  the  formation  of  methyl-anilin  viulet: 

Place  10  cc.  of  the  sample,  previously  rectified  over  potassium  carbonate  if 
necessary,  in  a  small  flask  with  15  grams  of  iodine  and  2  grams  of  red  phos- 
phorus.  Keep  in  ice  water  for  from  ten  to  fifteen  minutes  until  action  has 
ceased.  Distil  on  a  water  bath  the  methyl  and  ethyl  iodides  formed  into  about 
30  cc.  of  water.  Wash  with  dilute  alkali  to  eliminate  free  iodine.  Separate 
the  heavy  oily  liquid  which  settles  and  transfer  to  a  flask  containing  5  cc. 
of  anilin.  The  flask  should  bo  placed  in  cold  water,  in  cose  the 
action  should  be  violent,  or,  if  necessary,  the  reaction  may  be 
stimulated  by  gently  warming  the  flask.  After  one  hour  boil 
the  product  with  water  and  add  about  20  cc.  of  a  15  per  cent 
solution  of  soda;  when  the  bases  rise  to  the  top  as  an  oily  layer 
fill  the  fla.sk  up  to  the  neck  with  water  and  draw  them  off  with 
a  pipette.  Oxidize  1  cc.  of  the  oily  liquid  by  adding  10  grams 
of  a  mixture  of  100  parts  of  clean  sand,  2  of  common  salt, 
and  3  of  cupric  nitrate;  mix  thoroughly,  introduce  into  a 
glass  tube,  and  heat  to  00°  C.  for  eight  or  ten  hours.  Exhaust 
the  product  with  warm  alcohol,  filter,  and  make  up  with  alco- 
hol to  100  cc.  If  the  sample  of  spirits  be  pure  the  liquid  ia 
Fio.  222.  Pyc-  °^  ^  ^^  ••'"*>  '*"*  '"  ^^^  presence  of  1  per  cent  of  methyl 
nometcr.  alcohol  it  has  a  distinct  violet  shade;  with  2.5  per  cent  the 

shade  is  very  distinct,  and  still  more  so  with  5  per  cent.  To 
detect  more  minute  quantities  of  methyl  alcohol,  dilute  5  cc.  of  the  colored 
liquid  to  100  cc-  with  water,  and  dilute  5  cc.  of  this  again  to  400  cc.  Heat  the 
liquid  thus  obtained  in  porcelain  and  immerse  a  fragment  of  white  merino  (free 
from  sulphur)  in  it  for  half  an  hour.  If  the  alcohol  be  pure  the  wool  will  remain 
white,  but  if  methylated  the  fiber  will  become  violet,  the  depth  of  tint  giving  a 
fair  approximate  indication  of  the  proportion  of  methyl  alcohol  present. 

Detection  of  Methyl  Alcohol — Oxidation  Method 
Twenty-five  cc.  of  the  sample  are  diluted  to  about  100  cc.  in  a  small  distil- 
lation flask  and  about  10  grams  of  chromic  acid  added.  Methyl  alcohol,  if 
present,  is  oxidized  to  formaldehyde.  15  to  20  cc.  of  the  solution  are  distilled 
into  a  large  test  tube  and  a  5  to  10  cc.  portion  tested  for  formaldehyde  by  one 
of  the  methods  outlined  on  the  following  page. 

Estimation  of  Methyl  Alcohol.  The  determination  is  made  by  means  of 
the  immersion  refractometer.  Details  of  the  procedure  may  be  found  in 
"Food  Inspection  and  Analysis,"  by  A.  E.  Leach,  John  Wiley  and  Sons,  or  in 
the  publication  of  official  methods  by  the  Association  of  Official  Agricultural 
Chemists. 

Note.  Regulatione  United  Slates  laternal  Revenue  on  Methyl  Alcohol  uaed  for 
deoaturing  ethyl  alcohol.  See  Regulations  Ho.  30,  Revised,  U.  H.  Int.  Rev.,  July  15, 
1907. 

'  Allen's  Commercial  Organic  Analysis,  3d  ed.,  1:  80. 
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FORMAU>EHYDE  ' 

Detection  of  Formaldehyde* 

Leach's  Test.  The  BolutioD  in  which  formaldehyde  is  suspected,  obtained 
by  distillation  if  necessary,  is  tested  as  follows:  To  a  10  cc.  portion,  in  a  cas- 
serole, an  equal  volume  of  pure  milk  is  added  followed  by  10  cc.  hydrochloric 
acid  (sp.  gr.  1.2)  containing  about  I  cc.  of  10%  ferric  chloride  solution  per  500 
of  the  acid.  The  mi.vture  ia  heated  to  80-90°  C,  the  curd  being  broken  up  by 
agitation.     A  violet-colored  solution  indicates  formaldehyde. 

Hehner's  Test.  Five  cc.  of  the  solution  in  a  large  test  tube  is  mixed  with 
about  50  cc.  of  pure  milk,  the  tube  tilted  to  a  side  and  strong  sulphuric  acid 
carefully  added  so  an  to  run  down  the  wall  of  the  tube  without  mixing  with  the 
milk.  At  the  juncture  of  the  acid  and  milk  a  violet  color  will  appear  if  alde- 
hyde is  present. 

Morphine -Sulphate  Test  To  5  cc.  of  morphine  sulphate  reagent  [0.5  gram 
of  morphine  sulphate  in  500  cc.  sulphuric  acid  (sp.  gr.  1.S2)]  a  2  cc.  portion 
of  the  solution  to  be  tested  is  added.  The  presence  of  formaldehyde  is  indi- 
cated by  a  violet  color  that  developes  on  standing. 

Estimation  of  Formaldehyde  in  Solution 

Formaldehyde,  HCHO,  is  a  gas  sold  in  aqueous  solution  (37%  HCHO  or 
over).    The  solution  generally  contains  alcohol  to  prevent  polymeriiation. 

Determination  of  Formaldehyde 

Hydrogen  Peroxide  Method.*  To  50  cc.  of  normal  NaOH  in  an  Erlenmeyer 
flask  are  added  50  cc.  of  neutral  HiO,  (3%  sol.)  and  3  cc.  of  the  formaldehyde 
solution  under  examination,  care  being  taken  to  add  the  sample  with  the  tip 
of  the  measuring  pipette  near  the  surface  of  the  reagents.  A  funnel  is  placed 
in  the  neck  of  the  flask  and  the  mixture  heated  for  five  minutes  on  the  steam 
bath,  with  occasional  shaking.  The  solution  is  now  cooled,  the  funnel  rinsed 
down,  and  the  excess  of  N  NaOH  titrated  by  normal  •  H;SO 4,  in  presence  of 
purified  litmus  indicator 

1  cc.  N  NaOH  =  0.03002  gram  HCHO. 

'  Carry  out  the  lesls  with  blanks  of  pure  ethyl  alcohol  and  ethyl  alcohol  containing  a 
Uttle  methyl  dcohol. 

'  J.  Assoc.  Official  Agr.  Chemists,  Methods  of  Analysis  (1916),  page  75. 
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QLYCEROL 

There  are  two  recognized  methods  for  the  determination  of  glycerol: 

A.  Acetin  method,  depending  upon  the  conversion  of  glycerol  to  triacetin 
by  means  of  acetic  anhydride  and  sodium  acetate  and  a  quantitative  saponi- 
fication of  the  triacetin.  This  method  is  rccoirmended  by  the  International 
Committee  on  glycerol  aa  giving  results  nearer  the  truth  and  should  be  em- 
ployed for  crude  and  refined  glycerines  of  over  40%  strength. 

B.  Bichromate  method,  which  is  based  on  the  fact  that  glycerole  is  com- 
pletely oxidized  to  CO,  and  H,0  by  KiCriO,  in  presence  of  H2SO,.  The 
method  is  applicable  for  determination  of  glycerines  in  soap  lyes. 

The  following  procedures  are  taken  from  the  report  as  recommended.' 

Acetin  Process  for  the  Determination  of  Glycerol' 

Reagents  Required 

(A)  Best  Acetic  Anhydride.  This  should  l^  carefully  selected.  A  good 
sample  must  not  require  more  than  0.1  cc.  normal  NaOH  for  saponification  of 
the  impurities  when  a  blank  is  run  on  7.5  cc.  Only  a  slight  color  should 
develop  during  digestion  of  the  blank. 

The  anhydride  may  be  tested  for  strength  by  the  following  method;  Into  a 
weighed  stoppered  vessel,  containing  10  to  20  cc.  of  water,  run  about  2  ec.  of 
the  anhydride,  replace  the  stopper  and  weigh.  Let  stand  with  occasional 
shaking,  for  several  houre,  to  permit  the  hydrolysis  of  all  the  anhydride;  then 
dilute  to  about  200  cc,  add  phenolphthalein  and  titrate  with  N/1  NaOH. 
This  gives  the  total  acidity  due  to  free  acetic  acid  and  acid  formed  from  the 
anhydride.  It  is  worthy  of  note  that  in  the  presence  of  much  free  anhydride  a 
compound  is  formed  with  phenolphthalein,  soluble  in  alkali  and  acetic  add, 
but  insoluble  in  neutral  solutions.  If  a  turbidity  is  noticed  toward  the  end 
of  the  neutralization  it  is  an  indication  that  the  anhydride  is  incompletely 
hydrolyzed  and  inasmuch  as  the  indicator  is  withdrawn  from  the  solution, 
results  may  be  incorrect. 

Into  a  stoppered  weighing  bottle  containing  a  known  weight  of  recently 
distilled  aniline  (from  10  to  20  cc.)  measure  about  2  cc.  of  the  sample,  stopper, 
mix,  cool  and  weigh.  Wash  the  contents  into  about  200  cc.  of  cold  water, 
and  titrate  the  acidity  as  before.  This  yields  the  acidity  due  to  the  original, 
preformed,  acetic  acid  plus  one-half  the  acid  due  to  anhydride  (the  other  half 
having  formed  acetanilide);  subtract  the  second  result  from  the  first  (both 
calculated  to  100  grams)  and  double  the  result,  obtaining  the  cc.  N/1  NaOH 
per  100  grams  of  the  sample.     I  cc.  N/NaOH  equals  O.OolO  anhydride. 

(B)  Pure  Fused  Sodium  Acetate.  The  purchased  salt  is  again  completely 
fused  in  a  platinum,  silica  or  nioltel  dish,  avoiding  charring,  powdered  quickly 
and  kept  in  a  stoppered  bottle  or  desiccator.  It  is  most  important  that  the 
sodium  acetate  be  anhydrous. 

(C)  A  Solution  of  Caustic  Soda  for  Neutralizing,  of  about  N/i  Strength, 
Free  from  Carbonate.  This  can  be  readily  made  by  dissolving  pure  sodium 
hydroxide  in  its  own  weight  of  water  {preferably  water  free  from  carbon 
dioxide)  and  allowing  to  settle  until  clear,  or  filtering  through  an  asbestos  or 
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paper  filter.     The  clear  solution  is  diluted  with  water  free  from  carbon  dioxide 
to  the  strength  required. 

(D)  N/i  Caustic  Soda  Free  from  Carbonate.  Prepared  as  above  and  care- 
fully standardised.  Some  caustic  soda  solutions  show  a  marked  diminution  in 
strength  after  being  boiled;  such  solutions  should  be  rejected. 

(E)  H/i  Acid.    Carefully  standardized. 

(F)  I^enolphthalein  Solution.  0.5  per  cent  phenol phtbalein  in  alcohol 
and  neutralized. 

The  MeOiod 

In  a  narrow- mouthed  flask  (preferably  round-bottomed),  capacity  about 
120  CO.,  which  has  been  thoroughly  cleaned  and  dried,  weigh  accurately  and 
as  rapidly  as  possible  1.25  to  1.5  grains  of  the  glycerine.  A  Grethan  or  Lunge 
pipette  will  be  found  convenient.  Add  about  3  grams  of  the  anhydrous 
sodium  acetate,  then  7.5  cc.  of  the  acetic  anhydride,  and  connect  the  flask 
with  an  upright  Liebig  condenser.  For  convenience  the  inner  tube  of  this 
condenser  should  not  be  over  50  cm.  long  and  9  to  10  mm.  inside  diameter 
The  flask  is  connected  to  the  condenser  by  either  a  ground  glass  joint  (pref- 
erably) or  a  rubber  stopper.  If  a  rubber  stopper  is  used  it  should  have  had  a 
preliminary  treatment  with  hot  acetic  anhydride  vapor. 

Heat  the  contents  and  keep  just  boiling  for  one  hour,  taking  precautions 
to  prevent  the  salts  drying  on  the  sides  of  the  flask. 

Allow  the  flask  to  cool  somewhat,  and  through  the  condenser  tube  add  50 
cc.  of  distilled  water  free  from  carbon  dioxide  at  a  temperature  of  about  80°  C, 
taking  care  that  the  fia,"k  is  not  loosened  from  the  condenser.  The  object  of 
coohng  is  to  avoid  any  sudden  rush  of  vapors  from  the  flask  on  adding  water, 
and  to  avoid  breaking  the  flask.  Time  is  saved  by  adding  the  water  before 
the  contents  of  the  flask  solidify,  but  the  contents  may  be  allowed  to  solidify 
and  the  test  proceeded  with  the  next  day  without  detriment,  bearing  in  mind 
that  the  anhydride  in  excess  is  much  more  effectively  hydrolyzed  in  hot  than 
in  cold  water.  The  contents  of  the  flask  may  be  warmed  to,  but  must  not 
exceed,  80°  C,  until  the  solution  is  complete,  except  a  few  dark  flocks  repre- 
senting organic  impurities  in  the  crude.  By  giving  the  flask  a  rotary  motion, 
solution  is  more  quickly  effected. 

Cool  the  flask  and  contents  without  loosening  from  the  condenser.  When 
quite  cold  wash  down  the  inside  of  the  condenser  tube,  detach  the  flask,  wash 
off  the  stopper  or  ground  glass  connection  into  the  flask,  and  filter  the  contents 
through  an  acid-washed  filter  into  a  Jena  gla-ss  flask  of  about  1  liter  capacity. 
Wash  thoroughly  with  cold  distilletl  water  free  from  carbon  dioxide.  Add 
2  cc.  of  phenolphtlinlcin  solution  (F),  then  run  in  caustic  soda  solution  (C) 
or  (D)  until  a  faint  pinkish  yellow  color  appears  throughout  the  solution. 
This  neutralization  must  be  done  most  carefully;  the  alkali  should  be  run 
down  the  sides  of  the  flask,  the  contents  of  which  are  kept  rapidly  swirling  nith 
occasional  agitation  or  change  of  motion  until  the  solution  is  nearly  neutralized, 
as  indicated  by  the  slower  disappearance  of  the  color  developed  locally  by  the 
alkali  running  into  the  mixture.  When  this  point  is  reached  the  sides  of  the 
flask  are  washed  down  with  carbon  dioxide-free  water  and  the  alkali  subse- 
quently added  drop  by  drop,  mixing  after  each  drop  until  the  desired  tint  is 
obtained. 
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Now  run  in  from  a  burette  50  cc.  or  a  calculated  excess  of  N/1  NaOH  (D) 
and  note  carefully  the  exact  amount.  Boil  gently  for  15  minutes,  the  flask 
being  fitted  with  a  glass  tube  acting  as  a  partial  condenser.  Cool  as  quickly 
as  possible  and  titrate  the  excess  of  NaOH  with  N/1  acid  (E)  until  the  pinkish 
yellow  or  chosen  end-point  color  just  remains.'  A  further  addition  of  the 
indicator  at  this  point  will  cause  an  increase  of  the  pink  color;  this  must  be 
neglected,  and  the  first  end-point  taken. 

From  the  N/1  NaOH  consumed  calculate  the  percentage  of  glycerol  (in- 
cluding acetylizable  impurities)  after  making  the  correction  for  the  blank 
test  described  below. 

1  cc.  N/1  NaOH  -  0.03069  gram  glycerol. 

The  coefficient  of  expansion  for  normal  solutions  in  0.00033  per  cc.  for 
each  degree  centigrade,  A  correction  should  be  made  on  this  account  if 
necessary. 

Blank  Test.  As  the  acetic  anhydride  and  sodium  acetate  may  contain 
impurities  which  affect  the  result,  it  is  necessary  to  make  a  blank  test,  using 
the  same  quantities  of  acetic  anhydride,  sodium  acetate  and  water  as  in  the 
analysis.  It  is  not  necessary  to  filter  the  solution  of  the  melt  in  this  case, 
but  sufficient  time  must  be  allowed  for  the  hydrolysis  of  the  anhydride  before 
proceeding  with  the  neutralization.  After  neutralization  it  is  not  necessary 
to  add  more  than  10  cc.  of  the  N/1  alkali  (D),  as  this  represents  the  excess 
usually  present  after  the  saponification  of  the  average  soap  lye  crude.  In 
determining  the  acid  equivalent  of  the  N/1  NaOH,  however,  the  entire  amount 
taken  in  the  analysis,  50  cc,  should  be  titrated  after  dilution  with  300  cc. 
water  free  from  carbon  dioxide  and  without  boiling. 

Determination  of  the  Glycerol  Value  of  the  Acetylizable  Impurities.  The 
total  residue  at  160°  C.  is  dissolved  in  I  or  2  cc.  of  water,  washed  into  the  acetyl- 
izing  flask  and  evaporated  to  dryness.  Then  add  anhydrous  sodium  acetate 
and  acetic  anhydride  in  the  usual  amounts  and  proceed  as  described  in  the 
regular  analysis.     After  correcting  for  the  blank,  calculate  the  result  to  glycerol. 

Instructions  for  Calculating  the  Actual  Glycerol  Content 

(1)  Determine  the  apparent  percentage  of  glycerol  in  the  sample  by  the 
acetin  process  as  described.  The  result  will  include  acetylizable  impurities 
if  any  are  present. 

(2)  Determine  the  total  residue  at  160°  C. 

(3)  Determine  the  acetin  value  of  the  residue  at  (2)  in  terms  of  glycerol. 

(4)  Deduct  the  result  found  at  (3)  from  the  percentage  obtained  at  (1) 
and  report  this  corrected  figure  as  glycerol.  If  volatile  acetylizable  impurities 
are  present  these  are  included  in  this  figure. 

Trimethylenglycol  is  more  volatile  than  glycerine  and  can  therefore  be  con- 
centrated by  fractional  distillation.  An  approximation  to  the  quantity  can 
be  obtained  from  the  spread  between  the  acetin  and  bichromate  results  on  such 
distillates.     The  spread  multiplied  by  1.736  will  give  the  glycol. 

sence  of  iron  or  alumina,  and 
a  described  below. 
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Bichromate  Process  for  Glycerol  Detannination.    Reagents  Reqtured 

(A)  Pure  potassium  bichromate  powdered  and  dried  in  air  free  from  dust  oi 
organic  vapors,  at  110°  to  120°  C,     This  is  taken  as  the  atandard. 

(B)  Dilute  Bichromate  Solution.  7.4564  grams  of  the  above  bichromate 
are  dissolved  in  distilled  water  and  the  aulution  made  up  to  one  liter  at  la.5°  C. 

(C)  Ferrous  Ammonium  Sulphate.  It  is  never  safe  to  assume  this  salt  to 
be  constant  in  composition  and  it  must  be  standardized  against  the  bichromate 
as  follows:  dissolve  3.7282  grama  of  bichromate  (A)  in  50  cc.  of  water.  Add 
50  cc.  of  50  per  cent,  sulphuric  acid  (by  volume),  and  to  the  cold  undiluted 
solution  add  from  a  weighing  bottle  a.  moderate  excess  of  the  ferrous  ammonium 
sulphate,  and  titrate  back  with  the  dilute  bichromate  (B).  Calculate  the 
value  of  the  ferrous  salt  in  terms  of  bichromate. 

(D)  Silver  Carbonate.  This  is  prepared  as  required  for  each  test  from  140 
cc.  of  0.5  per  cent,  silver  sulphate  solution  by  precipitation  with  about  4.9  cc. 
N/1  sodium  carbonate  solution  (a  little  less  than  the  calculated  quantity  of 
N/1  sodium  carbonate  should  be  used  as  an  excess  prevents  rapid  settling). 
Settle,  decant  and  wash  once  by  decantation. 

(E)  Subacetate  of  Lead.  Boil  a  10  per  cent,  solution  of  pure  lead  acetate 
with  an  excess  of  litharge  for  one  hour,  keeping  the  volume  constant,  and  filter 
while  hot.  Disregard  any  precipitate  which  subsequently  forms.  Preserve 
out  of  contact  with  carbon  dioxide. 

(F)  Potassium  Ferricranide.  A  very  dilute,  freshly  prepared  solution 
containing  about  0.1  per  cent. 

The  Method 

Weigh  20  grams  of  the  glycerine,  dilute  to  250  cc.  and  take  25  cc.  Add 
the  silver  carbonate,  allow  to  stand,  with  occasional  agitation,  for  about  10 
minutes,  and  add  a  slight  excess  (about  5  cc.  in  must  cases)  of  the  basic  lead 
acetate  {£),  allow  to  stand  a  few  minutes,  dilute  with  distilled  water  to  100  cc, 
and  then  add  0.15  cc.  to  compensate  for  the  volume  of  the  precipitate,  mix 
thoroughly,  filter  through  an  air-dry  filter  into  a  suitable  narrow-mouthed 
vessel,  ■  rejecting  the  first  10  ec,  and  return  the  filtrate  if  not  clear  and  bright. 
Test  a  portion  of  the  filtrate  with  a  little  basic  lead  acetate,  which  should 
produce  no  further  precipitate  (in  the  great  majority  of  cases  5  co.  are  ample, 
but  occasionally  a  crude  will  be  found  requiring  more,  and  in  this  case  another 
aliquot  of  25  cc.  of  the  dilute  glycerine  should  be  taken  and  purified  with  6  cc. 
of  the  basic  acetate).  Care  must  bo  taken  to  avoid  a  marked  excess  of  basic 
acetate. 

Measure  off  25  cc.  of  the  clear  filtrate  into  a  flask  or  beaker  (previously 
cleaned  with  potassium  bichromate  and  sulphuric  acid).  Add  12  drops  of 
sulphuric  acid  (1  :  4)  to  precipitate  the  small  exce.ss  of  lead  as  sulphate.  Add 
3.72S2  grams  of  the  powdered  potassium  bichromate  (.4).  Rinse  down  the 
bichromate  with  25  cc.  of  water  and  let  stand  with  occasional  shaking  until 
all  the  bichrnniiite  is  dissolved  (no  reduction  will  take  place  in  the  cold). 

Now  add  .50  cc.  of  50  per  cent,  sulphuric  acid  (by  volume)  and  immerse 
the  vessel  in  boiling  water  for  two  hours  and  keep  protected  from  dust  and 
organic  vapors,  such  as  alcohol,  till  the  titration  is  completed.  Add  from  a 
weighing  bottle  a  slight  excess  of  the  ferrous  ammonium  sulphate  (C),  making 
spot  tests  on  a  porcelain  plate  with  the  potassium  ferricyanide  (F).     Titrate 
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back  with  the  dilute  bichromate.  -From  the  amount  of  bichromate  reduced 
calculate  the  percentage  of  glycerol. 

1  gram  glycerol  =  7.4564  grams  bichromate. 

1  gram  bichromate  =  0.13411  gram  glycerol. 

The  percentage  of  glycerol  obtained  above  includes  any  oxidizable  impuri- 
ties present  after  the  purification.  A  correction  for  the  ijon-vplatile  impurities 
may  be  made  by  running  a  bichromate  test  on  the  residue  at  160°  C. 

For  complete  analysis  see  Journal  of  Industrial  and  Engineering  Chemistry, 
Sept.,  1911,  pages  679-683. 

Notes.  (1)  It  ia  important  that  the  concentration  of  acid  in  the  oxidstion  mixture 
and  the  time  of  oxidation  should  be  atrictly  adhered  to, 

(2)  Before  the  bichrotnute  is  added  to  the  glycerine  solution  it  is  essentia!  that  the 
slight  excess  of  lead  be  precipitated  with  sulphuric  acid,  as  stipulated. 

(3)  For  crudes  practically  free  from  chlorides  the  quantity  of  silver  carbonate  may 
be  reduced  to  one-fifth  and  the  basic  lead  acetate  to  0.5  cc. 

(4)  It  is  sometimes  advisable  to  add  a  little  potassium  sulphate  to  insure  a  clear 
filtrate. 

ACETONE 

Analysis  of  Acetone  by  Messinger's  Method 

An  amount  of  acetone  in  aqueous  solution,  equivalent  to  30-40  mg.  is 
pipetted  or  added  to  60  cc,  of  N  sodium  hydroxide  solution  contained  in  a 
glass  bottle  which  can  be  closed  with  a  ground  glass  stopper.  After  standing 
for  5  minutes,  about  25%  excess  of  a  0.1  N  solution  of  iodine  is  run  in  from  a 
burette  with  continual  shaking.  It  is  essential  to  shake  properly  or  to  keep  the 
liquid  in  continuous  rotation.  The  excess  of  iodine  is  needed  to  complete  the 
reaction.'  The  bottle  is  then  stoppered  and  the  solution  allowed  to  stand  for 
at  least  10  niinutes  (20  minutes  in  cold  weather). 

Twenty-five  cc.  of  2  N  sulphuric  acid  is  then  added  from  a  measuring  cylinder, 
0.3-0.4  cc.  being  added  in  excess  of  the  amount  found  necessary  to  neutralize 
the  50  cc.  of  caustic  soda  solution.  A  0.05  N  solution  of  sodium  thiosulphate  is 
then  added  from  a  burette  until  the  yellow  color  just  remains  visible.  Freshly 
prepared  starch  solution  is  now  added  and  the  titration  finished.  1  cc.  of 
0.1  N  iodine  =0,96747  mg.  of  acetone. 

If  a  larger  excess  of  sulphuric  acid  is  added,  too  much  thiosulphate  is  re- 
quired, and  the  real  amount  of  iodine  solution  required  is  thus  reduced  (see 
below). 

If  the  bottle  is  not  shaken  vigorously  while  adding  the  iodine  solution,  the 
iodine  cannot  act  completely  on  the  acetone. 

>  L.  F.  Goodwin,  Jour.  Am.  Chem.  Soc.,  42,  39-45  (Jan.,  1920). 
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TANNIC  ACrO' 

The  following  procedure  is  applicable  for  the  examination  of  pure  tannic 
acid  solutions  and  tannins. 

Reagents 

Potasdum  Permanganate.  Approximately  N/10  KMnOt.  StaDdardiie 
against  N/10  oxalic  acid  aoiution. 

Indigo  Carmin  Solution.  5  grama  of  pure  indigo  carmin  dissolved  in 
water,  50  grams  of  cone.  HiSOt  are  added  and  the  solution  diluted  to  1000  cc. 

Gelatin  Solution.  20  grams  of  pure  gelatine  dissolved  in  hot  water  and 
diluted  to  1  liter. 

Saturate  SaCl  Add  Solution.  5  per  cent  HzSOi  solution  eaturated  with 
NaCl. 

Total  Astringency — Lowenthal-Proctor  Method 

Standardization  of  the  Indigo  Carmin  Solution.  The  filtered  sol utio a 
should  give  a  yellow  color  free  from  brown  when  oxidized  with  KMnOi. 

Twenty-five  cc.  of  the  reagent  in  a  porcelain  casserole  are  diluted  to  750  cc. 
with  water  and  the  KMnOi  reagent  added  drop  by  drop  from  a  burette  with 
constant  etirring  until  a  pure  yeliow  color  is  obtained.  The  rate  of  titration 
should  be  uniform  in  all  tests  and  should  be  carried  out  very  cautiously  as  the 
endpoint  is  approached.  This  is  recognized  by  a  faint  pinkish  rim  appearing, 
best  seen  on  the  shaded  side  of  the  casserole. 

Procedure  for  Astringency.  1  gram  of  solid  (or  2-o  grams  of  solution 
sumac  extract)  is  dissolved  in  water  and  diluted  to  1  liter.  10  cc.  of  this  solu- 
tion is  placed  in  a  large  casserole  containing  750  cc.  of  water.  25  cc.  of  the 
carmin  solution  are  added  and  the  mixture  titrated  with  N/10  KMnOi  as 
described  for  standardization  of  the  indigo  carmin  reagent.  From  this  titra- 
tion the  number  of  cc.  KMnOt  required  by  25  cc.  of  indigo  carmin  reagent  are 
subtracted  anil  the  difference  represents  the  KMiiOj  required  by  the  sample. 
Multiply  cc.  KMnOi  required  by  sample  by  0.004157  =  A. 

Astringent  Non-tannins.  To  50  cc.  of  the  solution  (in  an  8  oz.  bottle) 
made  as  stated  in  the  previous  determination  are  added  25  cc.  of  2%  gelatin 
solution  and  25  cc.  of  the  saturated  NaCl  acid  reagent  followed  by  10  grams  of 
china  clay.  The  bottle  is  stoppered  and  the  mixture  shaken  for  five  minutes 
and  then  filtered  through  a  dry  filter,  thus  removing  the  tannins.  The  filtrate 
is  tested  with  more  gelatin  solution  to  see  that  the  tannin  is  completely  pre- 
cipitated. (A  stronger  gelatin  solution  should  be  used  if  tannin  is  eWdent  and 
the  test  repeated  with  25  cc.  of  this.)  20  cc.  of  the  filtrate,  equivalent  to  10  cc. 
of  the  original  solution,  are  titrated  with  N/10  KMnOi  exijctly  as  in  the  pre- 
ceding test  and  the  cc.  KMnOi  consumed  by  the  ^n-taniflns  is  multiplied  by 
the  value  of  the  KMnO,  (N/10  =  0.OO4157)  and  the  result  recorded  aa  B. 
•  Tannic  Acid  or  Tannins.  The  difference  between  the  total  astringency, 
calculated  as  tannin,  and  the  astringent  non-tannins  gives  the  amount  of 
tannins,  namely  result  A  minus  result  B  =  gram  tannin.  Calculate  to 
percentage. 

1  cc.  N/10  KMnO,  =  0.004157  gram  tannin. 

•References:  H.  R.  Proctor,  "Leather  Induatriea  Laboralory  Book  of  Analytical 
and  Experimental  Methods." 

Knecht-RaweoD-Lo  wen  thai,  "  Manual  of  Dyeing,"  Vol.  II,  pp.  802,  Eighth  Eldition. 

Leach,  "Food  Inepectioa  and  Analysis,"  p.  282. 
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DETERMrNATION   OF  PEROXIDES 

Determination  of  Hydrogen  Peroxide. 

Kingzett's  Iodide  Method* 

The  method  depends  upon  the  reaction — 

H,0!+2KI+H,SOi  =  Is+K2SO.+2HiO. 

Procedure.  Approximately  2  grams  of  potassium  iodide  are  dissolved  in 
200  CO.  of  water,  conveniently  in  an  Erlenmeyer  flask,  and  30  cc.  of  dilute 
sulphuric  acid  (1  :  2)  are  added.  Ten  cc.  of  hydrogen  peroxide  solution  (the 
sample  having  been  diluted  to  contain  approximately  0.6  per  ^nt  by  weight 
of  H.Ot)  are  run  in  from  a  burette,  agitating  the  mixture  during  the  addition. 
After  standing  five  minutes,  the  liberated  iodine  is  titrated  with  N/10  thio- 
sulpbate. 

,  1  cc.  N/10  NatSjO,-0,001701  gram  H,0,. 

Determination  of  Hydrogen  Peroxide  by  the  Arseneous 
Acid  Method  of  Jamieson' 

The  method  is  based  on  the  reactions — 

As,0,+2H,0,-AsjO,+2H,0 
A8,0,+KIO,+2HCi=AH;Os+ICH-KCl+H!0. 

Procedure.  A  measured  quantity  of  N/5  solution  of  AsiOs,  which  must  be 
in  excess  of  that  required  by  the  peroxide  taken  for  analysis,  is  placed  in  a 
500  cc.  glass  stoppered  bottle,  and  10  cc.  of  10%  NaOH  added,  followed  by  a 
measured  volume  of  the  peroxide  from  a  burette  (15-20  cc.  of  the  solution 
made  by  diluting  50  cc.  of  the  commercial  peroxide  to  500  cc.)  with  gentle 
agitation  of  the  contents  of  the  bottle.  After  standing  two  minutes,  40  cc.  of 
concentrated  HCl  are  added  and  the  stopper  inserted  in  the  bottle.  The 
contents  of  the  bottle  are  shaken  violently,  holding  the  stopper  in  place.  The 
stopper  is  now  cautiously  released  and  the  confined  gas  allowed  to  escape. 
Six  to  seven  cc.  ot  chloroform  ore  added  and  the  unoxidized  AsjOi  is  titrated 
with  N/5  KIOj  solution,  shaking  the  closed  bottle  after  each  addition,  until 
the  iodine  color  in  the  chloroform  has  disappeared. 

The  CC.  AsiO]  solution  used  minus  the  cc.  equivalent  of  KIOi  gives  the  cc. 
of  arsenoufl  acid  required  by  the  hydrogen  peroxide. 

1  CO.  N/^  A8,0,  =  0.0034016  gram  H.O^ 

This  method  is  not  influenced  by  the  presence  of  organic  preservatives  as^ 
b  the  permanganate  method  which  follows. 

•Selections  by  W.  W.  Scott. 
1  J.  Cbem.  Boc.,  1880,  792.  >  Am.  Jour.  Sci.,  44, 150-2  (1917). 
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Permanganate  Method  for  Determination  of  Hydrogen  Peroxide 

The  procedure  depends  upon  the  reaction — 

5H,0,+2KMnO,+4H^O<  =  2KHSO,+2MnSO,+50,+8H.O. 

Procedure.  Fifty  cc.  of  the  commerciBl  peroxide  are  diluted  to  500  cc. 
10  cc.  of  thifl  diluted  solution  are  taken  for  the  test.  This  sample  is  further 
diluted  to  400  cc.  in  a  beaker,  10  cc.  of  dilute  sulphuric  acid  (1  :  4)  are  added 
and  the  mixture  titrated  with  N/10  KMnOi  reagent  to  a  pink  coloration. 

Should  the  first  drop  or  of  permanganate  cause  a  pink  color  it  indicates  that 
an  insufficient  quantity  of  sulphuric  acid  is  present  and  an  additional  amount 
should  be  added. 

1  cc.  N/10  KMnO,  =  0.001701  gram  H,0,. 

Notes.  It  it  is  required  to  report  the  number  of  volumes  ot  oxygen  liberated  by 
one  volume  of  the  peroxide  "per  cent  per  volume,"  multiply  the  per  cent  weight  <n 
HtO>  by  112  and  divide  the  result  by  34. 

Since  H/)|  decomposes  to  HjO+O,  one  gram  molenule  of  peroxide  sets  free  one 
Kram  atom  of  oxygen,  equivalent  to  11,200  cc.  Therefore  100  grams  commercial 
H.Oi-%H.OiXll,200  divided  by  34,  and  1  gram-1/100  of  this. 
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ELECTROMETRIC   METHODS  OF  ANALYSIS 

G.  L.  Kelu:i'  and  J.  8.  Coye» 

The  Electrometric  Determination  of  Hydrogen  Ion 

Concentration* 

The  electrometric  titration  of  acids  and  alkalies  is  based  upon  the  measure- 
ment of  the  electrode  potential  between  the  hydrogen  on  the  surface  of  a 
hydrogen  electrode  and  the  hydrogen  ions  in  the  surrounding  solution. 

If  a  bar  of  any  metal  is  dipped  into  water,  it  will  immediately  give  oS  some 
positively  charged  ions,  thereby  leaving  the  metal  negatively  charged.  The 
strength  of  this  charge  or  resulting  potential  is  determined  by  two  factors: 
The  electrolytic  solution  pressure  of  the  metal  and  the  osmotic  pressure  of  the 
ions  in  the  solution. 

If  two  similar  electrodes  are  dipped  into  two  solutions  of  different  concen- 
trations with  respect  to  the  metal  ions,  the  electrode  which  is  immersed  in  the 
more  concentrated  solution  will  receive  ions  from  the  solution  and  be  positively 
charged  while  the  electrode  dipping  into  the  less  concentrated  solution  will 
give  off  positive  ions  and  become  negatively  charged  relative  to  the  other 
electrode.  This  will  cause  a  flow  of  current  from  the  first  electrode  to  the 
second  if  they  are  externally  connected.  Such  a  system  constitutes  a  battery, 
the  total  electromotive  force  of  which  can  be  calculated  by  the  following 
formulae: 

The  potential  difference  which  is  produced  by  the  contact  of  a  metal  with  a 
solution  of  its  ions  is  represented  by 

RT,      P 

where  R  =  gas  constant >=voltsXcoulombs*83I6  Joules, 

P  =  Faraday  =  96,540, 

JV  =  valence  of  the  metal, 

P  =  electrolytic  solution  pressure  of  the  metal, 

P' osmotic  pressure  of  the  ions  in  solution, 

r  — absolute  temperature. 
Substituting  the  above  values,  assuming  a  temperature  of  18°  and  changing  to 
common  logarithms 

0.058 ,     P 
N  p 

Since  the  osmotic  pressure  is  proportional  to  the  concentration  of  the  ions, 
c  (concentration)  may  be  substituted  for  p.  Then  let  C  which  represents  an 
ionic  concentration  which  just  balances  the  solution  pressure  P  be  substituted 
for  P  and 

0.058 ,     C 

This  represents  a  single  electrode  potential  and  since  the  total  electromotive 
force  of  a  cell  is  the  difference  between  the  single  electrode  potentials 

.058,     C      .058,     C      .058,     ci 

ii"=ei-ei=  -;,-  log TT-  log-  =  —.7-  log-. 

N        ci        N        Ci        N        ci 

A  platinum  or  gold  electrode,  covered  with  platinum,  iridium  or  palladium 
>  G.  L.  Kelley,  chemist,  Midvale  Stpel  and  Ordnance  Company. 
•■  '  "  "  'it  chemist,  General  Chemical  Company. 
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black  and  immersed  in  an  atmosphere  of  hydrogen,  acta  as  if  the  hydrogen 
were  a  metal  and  ia  called  a  hydrogen  electrode.  The  platinum  itself  is  chem- 
ically inert  and  the  electrode  potential  is  due  to  the  contact  between  the 
concentration  of  the  hydrogen  on  the  electrode  surface  and  the  concentration  of 
the  hydrogen  ions  in  the  solution.  Since  the  concentration  of  the  hydrogen  on 
the  electrode  surface  can  be  maintained  constant  by  being  kept  aaturated  by 
the  hydrogen  gas  at  a  constant  pressure  and  temperature,  a  potential  change 
will  be  due  to  a  change  of  hydrogen  ion  concentration  in  the  solution  and,  con- 
sequently, the  e.m.f.  is  a  direct  function  of  the  hydrogen  ion  concentration  of  the 
solution  and  thus  its  acidity  or  alkalinity.  Now  if  one  hydrogen  electrode  dips 
into  a  solution  having  a  known  hydrogen  ion  concentration  of  one  and  a  second 
into  a  solution  of  unknown  hydrogen  ion  concentration  and  the  two  solutions 
are  connected  by  a  salt  bridge  (saturated  solution  of  potassium  chloride)  the 
total  electromotive  force  will  be 

£  =  .058  log  ^, 

and  a  measurement  of  the  e.m.f.  furnishes  a  means  by  which  the  hydrogen  ton 
concentration  of  the  unknown  solution  can  be  determined. 

In  practice  it  is  more  convenient  to  use  the  more  constant  calomel  electrode 
instead  of  a  hydrogen  electrode  having  a  hydrogen  ion  concentration  of  one. 
The  potential  of  the  calomel  electrode  has  been  determined  in  terms  of  the 
normal  hydrogen  electrode,  e.g.,  the  O.I  N  calomel  electrode  has  a  potential  of 
.337  volts  greater  than  the  normal  hydrogen  electrode  at  25°  C, 

Therefore,  by  measuring  the  electromotive  force  of  the  system, 
0.1  N  calomel  electrode  /  saturated  solution  of  KCl  /  hydrogen  electrode  /  solu- 
tion of  H  —ions  at  25°  C. 

E  =  .058161og-+.337 

and  the  hydrogen  ion  concentration  can  be  readily  calculated,  or 
g-.337  I 

.05S1G  ^^C 
The  value  log  (1/C)  is  widely  used  to  characterize  the  hydrogen  ion  concen- 
tration without  solving  for  C  and  has  been  generally  designated  Ph.  When 
making  an  electrometric  titration  of  an  acid  or  a  base  by  meaiis  of  the  hydrogen 
electrode,  this  value  P«  or  the  value  E  in  volts  may  be  plotted  against  the 
number  of  cc.  of  acid  or  alkali  used  in  the  titration  and  a  curve  obtained  from 
which  the  cndpoint  may  be  readily  observed.  Figure  1  shows  two  such  cun-es. 
Curve  V  was  obtained  by  titrating  a  solution  of  phosphoric  acid,  to  which  a 
slight  excess  of  alkali  had  been  added,  with  N/10  HCl.  Cur\'e  VI  was  then 
obtained  by  titrating  the  resulting  solution  with  N/10  NaOH. 

All  phosphate  exists  as  disodium  phosphate  at  B  ond  as  monosodium  phos- 
phate at  /I,  therefore,  the  hydrogen  ion  concentration  of  disodium  and  mono- 
sodium  phosphate  solutions  may  be  determined  from  the  e.m.f.  at  these  points. 
But  the  principal  value  of  these  curves  is  that  they  provide  a  means  by  which 
phosphates  may  be  titrated  without  the  use  of  indicators. 

The  constants  of  the  above  equotion  are  influenced  by  temperature  and  by 
any  potential  existing  between  the  0.1  KCl  solution  of  the  calomel  electrode 
or  the  solution  being  measured  and  the  connecting  solution.  The  latter  is 
practically  eliminated  by  the'  use  of  a  saturated  solution  of  KCl,  while  the 
former  may  be  readily  determined  and  corrections  made.     It  should  also  be 
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noted  that  the  electrolytic  solution  tension  of  the  hydrogen  is  dependent  upon 
the  pressure  of  the  goaeous  hydrogen  at  the  electrode.  760  mm.  partial  pree- 
slire  is  the  standard  pressure  for  the  hydrogen  in  the  standard  hydrogen 
electrode.  Corrections  for  the  e.m.f.  may  be  applied  for  varying  hydrogen 
pressures,  but  for  all  work  except  that  of  the  high  precision  this  may  be  dis- 
regarded. 

The  hydrogen  gas  to  be  used  for  keeping  the  hydrogen  electrode  saturated 
must  be  of  highest  possible  purity.  Hydrogen  generated  by  clectrolyzing  a 
20%  NaOH  solution  or  the  ordinary  compressed  hydrogen  from  cylinders 
have  been  found  satisfactory  after  removing  the  la.it  traces  of  oxygen  by 
passing  it  through  heated  palladizcd  asbestos  or  over  a  heated  platinum  spiral. 

For  the  measurement  of  hydrogen  ion  concentrations  a  calomel  electrode, 
ft  hydrogen  electrode  and  a  potentiometer  for  measuring  the  voltage  between 
them  are  necessary.  For  measurements  of  highest  precision  a  constant  tem- 
perature bath  is  also  required.  Figure  2  shows,  diagrammatically,  the  usual 
arrangement  of  apparatus  for  this  work. 

The  chief  advantages  of  electrometric  titrations  for  hydrogen  ion  con- 
centration are: 

1.  The  "personal  equation,"  which  is  always  a  factor  when  titrating  by 
means  of  indicators  does  not  enter  into  the  measurements. 

2.  Measurements  may  be  made  without  regard  to  the  opacity  of  solutions 
and  under  poor  or  troublesome  light  conditions.  Precipitation  does  not  appre- 
ciably interfere  with  the  measurement. 

3.  The  method  is  fundamental.  To  it  all  colorimctric  methods  must  be 
referred  for  standardization. 

4.  The  potentiometer  covers  the  entire  range  of  hydrogen  ion  concentrations 
or  Ph  values,  whereas  any  indicator  is  useful  over  a  limited  range  only  and  its 
particular  color  change  as  interpreted  by  the  normal  eye  in  many  instances 
does  not  correspond  to  the  hydrogen  ion  concentrations  of  the  true  end-point. 

(X  .10471   Na  OH. 
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The  Electrometric  Method  of  Titration  in  Oxidation  and 
Reduction  Reactions' 

The  electrometric  method  of  oxidation  and  reduction 'titrations  is  similar 
to  that  for  determining  hydrogen  ion  concentrations  since  it  is  based  upon 
the  measurement  of  electrode  potentials  whereby  relative  ionic  concentrations 
are  determined. 

In  general,  oxidation  is  a  gain  of  valence  or  a  loss  of  electrons  while  reduc- 
tion is  a  loss  of  valence  or  a  gain  of  electrons.  The  electric  current  may  effect 
both  oxidation  and  reduction,  the  former  ut  the  cathode  where  ions  give  up 
their  electrons,  and  the  latter  at  the  anode  where  ions  receive  electrons,  from 
the  circuit.  In  a  solution  containing  both  ferrous  and  ferric  ions  the  former 
will  be  oxidized  at  the  cathode  and  the  latter  reduced  at  the  anode.  If  no 
external  electromotive  force  is  applied  and  a  single  platinum  wire  is  inserted 
into  such  a  solution,  the  wire  will  acquire  a  positive  or  a  negative  potential, 
depending  on  the  relative  concentrations  of  the  ferrous  and  ferric  ions,  the 
former  tending  to  give  up  electrons,  thus  charging  the  wire  negatively,  and 
the  latter  tending  to  take  electrons  from  it,  thus  giving  the  wire  a  positive 
charge.  This  can  readily  be  demonstrated  by  connecting  two  such  solutions 
possessing  different  relative  concentrations  of  ferrous  and  ferric  ions  by  a  solu- 
tion of  potassium  or  sodium  chloride  and  then  connecting  the  electrodes  in 
the  solution  by  closing  a  circuit  through  a  sensitive  voltmeter.  The  voltmeter 
will  now  indicate  a  flow  of  current  because  the  tendency  for  the  ferrous  ions  to 
give  up  electrons  will  be  relatively  the  greater  in  one  solution,  and  the  tendency 
for  the  ferric  ions  to  take  up  electrons  from  the  wire  will  be  the  greater  in  tha 
other  solution.  The  system  therefore  constitutes  a  cell  whose  potential  can  be 
measured.  If  the  concentrations  of  ferrous  and  ferric  ions  could  be  kept 
constant  in  one  of  the  solutions,  it  could  become  the  standard  whereby  the 
ferric  or  ferrous  ions  of  the  other  could  be  determined.  Such  a  standard  is 
experimentally  impossible  and  Instead  of  using  such  a  system,  a  single  ferrouft- 
ferric  solution  is  connected  with  a  normal  calomel  electrode  aa  follows: 

Normal  calomel  electrode /saturated  KCl  sol. /ferric-ferrous  solution— Pt. 

The  potential  of  such  a  cell  is  given  by  the  formula: 

£  =  E.M.F.  produced  by  the  change  from  the  "ous"  to  the  "ic"  state. 
P  =  a  constant  and  is  equal  to  the  potential  when  the  concentrations 
Co  and  Ci  are  equal;  thereby  the  second  term  of  the  second 
member  becomes  zero. 
Co  and  Clothe  ionic  concentrations  of  the  lower  and  higher  states  of  oxidation 
respectively. 
A^  =  the  increase  or  decrease  of  valence. 
iJ=gas  constant  =  voltsXcoulomb3—8316  joules. 
F  =  Faraday  =  96,540. 
2"  =  absolute  temperature. 
In  the  case  of  the  ferrous-ferric  cell  the  equation  then  becomes,  after  con- 
verting to  common  logarithms. 

£-P-F0.0581og^. 

'  J.  S.  Coye. 
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By  measuring  the  E  of  such  a  system  when  the  ferrous  and  ferric  ionic 
conceatrations  are  equal  and  using  a  normal  calomel  electrode  the  value  of 
P  has  been  found  to  be  .47  volts  and  the  equation  then  becomes: 

£=0.47+0.058  log^.. 

The  potential  of  such  a  system  may  thus  be  used  as  a  measure  of  the  relative 
concentrations  of  fcrrouB  and  ferric  ions. 

As  an  illuKtration,  consider  the  case  of  titrating  the  ferrous  iron  in  a  hydro- 
chloric acid  solution  with  a  standard  solution  of  potassium  bichromate,  ferric 
iron  being  either  absent  or  present,  Tlic  potential  at  the  beginning  of  the 
reaction  will  depend  upon  the  miturc  and  concentration  of  tho  anions  as  well  as 
upon  the  concentrations  of  the  ferrous  and  ferric  ions.  As  the  potassium 
bichromate  solution  is  added  the  ferrous  ions  decrease  and  the  ferric  ions 
increase.  The  term  0.058  log  CojCi,  which  is  the  only  varying  term  gradually 
decreases  to  zero  when  the  concentration  of  ferrous  and  ferric  ions  become  equal 
and  then  very  slowly  tlccrcases  until  Co  becoraoa  equal  to  zero  when  there  is 
an  abrupt  change  in  voltage  and  the  endpoint  is  reached.  The  eadpoint  may 
be  readily  redetermined  by  adding  a  slight  excess  of  the  potassium  bichromate 
and  titrating  back  with  a  standard  solution  of  ferrous  ammonium  sulphate. 
A  similar  condition  exists  for  all  oxidation  and  reduction  reactions.  The 
constant  P  will,  of  course,  be  different  for  each  reaction  so  that  the  potential 
readings  will  be  different  but  the  abrupt  voltage  change  at  the  endpoint  is 
common  to  all.  Several  forms  of  apparatus  have  been  designed  and  described 
by  different  investigators  for  this  type  of  work. 

The  ad  vantages  of  this  method  arc: 

1.  A  high  degree  of  accuracy  can  be  obtained  without  sacrificing  rapidity. 
.    2.  It  is  applicable  to  many  reactions  with  only  very  slight  adjustments. 

3.  The  necessity  of  determining  and  making  corrections  for  indicators  is 
eliminated. 

4.  It  is  possible  to  determine  very  small  amounts  of  iron  and  other  metals 
possessing  two  states  of  oxidation,  in  many  raw  materials  without  cmploj'ing 
the  usual  tedious  methods  of  separation. 

The  Kelley  Electrometric  Titration  Apparatus' 

The  apparatus  shown  in  Fig.  225  opposite  this  page  was  designed  to  indi- 
cate electrically  the  changeof  oxidation  potential  whichoccursat  the  end-point  in 
certain  oxidation-reduction  titrations.  The  principle  is  not  new,  but  the 
apparatus  combines  in  convenient  form  a  number  of  parts  which  have  been 
specially  selected  and  tested  for  application  to  this  use. 

The  apparatus  consists  essentially  of  a  wooden  case  with  an  upright  carry- 
ing the  motor,  burettes,  stirrer  and  electrodes.     In  the  case  are  two  dry  cells, 

•  G.  L.  Kelley,  chemist,  Midvalc  Steel  and  Ordnance  Company. 

"We  are  determining  all  chromium,  vanadium  and  manganese  in  the  Nicclown 
laboratory  of  this  Company  by  this  method,  and  with  this  apparatus.  Our  manRanese 
and  chromium  deter minat ions  amount  to  about  2,000  to  2,500  cath  per  month,  and 
vanadium  determinations  probably  number  .'iOO.  The  apparatus  is  also  In  iL<w  at  Ihc 
Carpenter  Steel  Company,  where  similar  work  is  being  carried  out.  I  undersl^and  from 
Mr.  Loos  of  that  Company  that  it  is  giving  cxecUcnt  satisFaction  there,  and  that  it  is 
their  intention  to  put  in  additional  apparatus.  We,  ourselves,  use  three  pieces  ot 
apparatus  for  routine  work  and  a  fourth  for  research,  which  latter  is  practically  con- 
tinuous."   Communicated  to  the  editor. — 0.  L.  Kellkv. 
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an  adjustable  resistance  and  a  reflecting;  galvanometer.  On  the  upper  surface 
of  the  case  is  a  ground  glass  scale  on  which  the  light  from  the  galvanometer  is 
thrown.  A  knurled  head  shown  at  the  side  in  Fig.  1  controls  the  adjustable 
resistance.  Two  switches  are  mounted  on  the  sides  of  the  case,  one  of  which 
controls  the  gulvanometer  light  and  the  motor  driving  the  stirrer,  while  the 
other  closei<  the  potentiometer  circuit.  A  rheostat  (17,  Fig.  1}  is  used  to  regu- 
late the  speed  of  the  motor. 

The  operation  of  the  apparatus  depends  upon  the  fact  that  when  the  plati- 
num and  calomel  electrodes  are  placed  in  an  oxidizing  solution,  such  as  chromic 
acid,  a  cell  with  certain  definite  electromotive  force  is  produced.  This  electro- 
motive force  is  balanced  against  a  portion  of  the  E.M.F.  of  two  dry  cells 
through  a  resistance  and  a  shde  wire.  On  adding  even  a  slight  excess  of  a 
reducing  agent,  such  as  ferrous  sulfate,  this  balance  is  disturbed,  the  movement 
of  the  galvanometer  indicating  that  the  end-point  has  been  reached.  The 
change  is  a  striking  one,  and  may  in  some  instances  amount  to  .30  volt  for 
.05  cc.  of  solution. 

The  apparatus  as  shown  in  the  illustrations  and  as  described  above  may 
be  used  for  the  determination  of  vanadium,  chromium  and  manganese  in  steel 
by  methods  dcscrilied  elsewhere  in  this  volume.  It  is  also  available  for  the 
determination  of  end-points  in  oxidation -reduction  titrations  where  the  reac- 
tion is  rapid  and  the  change  in  oxidation  potential  large.  Bichowsky'  has 
applied  similar  apparatus  to  the  determination  of  zinc  by  precipitation  with 
potassium  ferrocyanide.  This  is  an  example  of  an  application  dependent 
upon  precipitation  by  a  strong  reducing  or  oxidizing  agent,  in  which  the  pres- 
ence of  an  excess  of  the  precipitant,  even  in  small  amount,  produces  a  large 
change  in  oxidotion  potential.  When  the  titration  is  a  relatively  slow  one, 
such  as  the  titration  of  ferrocyanide  with  permanganate,  as  described  by  Kelley 
and  Bohn,'  it  is  necessary  to  include  some  device  for  reading  the  change  in 
potential  near  the  end-point.  A  potentiometer  bridge  may  be  used  or  a  volt- 
meter with  a  range  of  1.5  volts  arranged,  as  described  by  Hildebrand,'  may 
be  used  to  advantage.  For  the  purposes  mentioned  above  a  calomel  electrode 
(3)  and  a  platinum  electrode  (9)  are  used  as  shown  in  Fig.  1. 

In  alkalimetric  titrations  a  hydrogen  electrode  is  substituted  for  the  plati- 
num electrode  and  the  previously  mentioned  potentiometer  bridge  or  volt- 
meter is  used.     Hildebrand*  describes  a  number  of  such  titrations. 

In  conductivity  measurements  a  conductivity  cell  is  used  together  with  a 
Wbeatstone  bridge  and  an  alternating  current  galvanometer.  Harned  and 
Laird,*  Cain'  and  other  investigators  have  outlined  applications  of  conductivity 
measurements  to  analytical  work.  Provision  is  made  for  the  convenient 
attachment  to  the  apparatus  of  the  necessary  auxiliary  parts  when  these  are 
required. 

'  Jour.  Ind.  and  Eng.  Chem.,  p.  943,  9,  1917. 
'  Jour.  Amer.  Chem.  Soc.,  p.  1776,  41.  1919. 
'Jour.  Amer.  Chem,  Soc.,  p.  869,  35,  1913. 

*  Jour.  Amer.  Chem.  Soc,  p.  1213,  40,  1918. 
VJour.  Ind.  and  Eng.  Chem.,  p.  852,  11,  1919. 
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For  the  purpose  of  oxidation  titration  reactions  the  calomel  electrode  {3, 
Kg,  1)  is  best  prepared  by  placing  in  the  electrode  about  J"  of  clean  mercury 
followed  by  a  1  or  2  g.  of  freshly  precipitated  calomel  in  suspension  in  N 
sodium  sulfate  solution.  The  reservoir  is  then  filled  with  more  of  the  same 
sulfate  solution. 

Best  results  are  obtained  after  24  hours  standing.  The  platinum  electrode 
should  be  cleaned  in  chromic  and  sulfuric  acid  solutions  and  dipped  momen- 
tarily in  ferrous  sulfate  solution.  When  it  is  iff  daily  use  it  requires  only 
occasional  cleaning  with  chromic  acid  or  hydrochloric  acid. 

To  titrate,  the  beaker  Containing  the  unknown  solution  is  placed  on  the  pan 
(1,  Fig.  2)  which  is  then  raised  to  the  position  shown  in  Fig.  1.  Closing 
switches  (12)  and  (IG),  Fig.  1,  starts  the  stirring  motor,  lights  the  galvanometer 
lamp  and  closes  the  potentiometer  circuit.  The  rheostat  (17,  Fig.  1)  is  adjusted 
until  the  rate  of  stirring  is  as  rapid  as  possible  without  drawing  air  over  the 
electrodes.  By  turning  the  knurled  knob  shown  on  the  side  of  Fig.  1,  the 
beam  from  the  galvanometer  is  brought  to  position  zero  on  the  scale  (18,  Fig.  1). 
When  dichromate  solutions  are  used,  the  screw  below  the  resistance  control 
should  be  in  the  position  marked  zero,  but  in  titrating  permanganate  solutions 
it  should  be  in  the  position  marked  50.  The  first  setting  gives  a  range  of 
potential  0  to  I.O  volts,  the  second  .75  to  1.50. 

The  reducing  solution  is  now  admitted  from  the  burettes.  The  first  addi- 
tions may  be  made  rapidly,  decreasing  the  rate  as  the  end-point  is  approached. 
The  nature  of  the  end-points  varies  with  the  substance  titrated.  In  general, 
without  the  aid  of  some  apparatus  permitting  of  reading  potential  change,  it  is 
possible  to  determine  end-points  only  when  the  reducing  solution  is  added  to 
an  oxidizing  solution  in  the  beaker.  The  end-point  in  the  chromate  titration 
is  generally  an  abrupt  and  permanent  deflection,  perhaps,  preceded  by  a  few 
momentary  changes  from  which  there  is  a  prompt  return.  The  titration  of 
vanadium  is  characterized  by  a  period  of  gradual  change  during  the  addition 
of  the  first  half  or  three  quarters  of  the  ferrous  sulfate  solution.  This  change 
corresponds  to  a  gradual  slope  in  the  potential  curve.  It  is  followed  by  a 
period  in  which  the  beam  is  almost  at  rest  until  the  end-point  is  reached. 
Here  there  is  a  sudden  permanent  deflection,  somewhat  less  marked  than  with 
chromate.  The  exact  end-point  is  found  by  adding  dichromate  solution  until 
the  beam  is  returned  to  the  former  position,  after  which  dropwise  additions  of 
ferrous  sulfate  produce  a  succession  of  small  movements  of  the  beam,  the  largest 
being  taken  as  the  end-point.  When  permanganate  is  titrated  with  mer- 
curous  nitrate,  the  beam  maintains  its  position  until  the  end-point  is  ap- 
proached. It  then  moves  rapidly  off  the  scale  with  the  addition  of  each  drop, 
returning  more  and  more  slowly.  When  several  seconds  are  required  for  its 
return,  which  may  be  after,  perhaps,  the  fourth  drop,  the  end-point  is  con- 
sidered reached.  The  end-point  obtained  by  titrating  ferrous  sulfate  and 
potassium  permanganate  is  described  by  Kelley,  Adams  and  Wiley'  and  by 
Hostetter  and  Roberts,*  the  latter  working  with  an  apparatus  of  different 
design  but  similar  principle. 
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The  Determination  of  Chromium  in  Steel  by 
Electrometric  Titration' 

Silver  Nitrate  Solution.     2.5  g.  Bliver  nitrate  ia  nater  to  make  one  liter. 

Ammoniimi  Persulfate  Solution.  100  g.  ammonium  persulfatc  in  water  to 
make  one  liter. 

Potasuum  Dictaiomate  Solution.  2.828  g.  potassium  dichromate  in  water 
to  make  exactly  one  liter. 

Ferrous  SuUate  Solution.  23  g.  ferrous  ammonium  sulfate  and  100  co.  of 
sulfuric  acid  (sp.gr.  1.58)  in  wnter  to  make  one  liter.  Compare  ttiis  solution 
daily  with  the  dichromate  solution.  A  factor  may  be  used  or  the  strengtli 
adjusted  by  adding  water  or  salt. 

Solution  of  the  Sample.  Take  2  g.  samples  of  steel  containing  less  than  .50 
per  cent  of  chromium,  1  g.  of  those  containing  up  to  5  per  cent  and  }  g-  or  i  g. 
of  those  containing  5  to  2o  per  cent.  Dissolve  1  g.  or  smaller  samples  in  70  cc. 
of  Iiot  sulfuric  acid,  sp.gr.  1.20,  and  2  g.  samples  in  100  cc.  The  <iestructioD 
of  carbides,  which  are  often  present,  is  greatly  assisted  by  rapid  solution  in 
boiling  sulfuric  acid.  Other  acids  which  might  serve  this  purpose  better  are 
not  otherwise  suitable  for  the  method.  To  insure  the  complete  breaking  up 
of  carbides,  all  Siimples  containing  more  than  .5  per  cent  of  chromium  should 
be  evaporoted  until  salts  separate.  The  solution  may  then  !»  cautiously 
diluted  with  50  cc.  of  hot  water,  when  it  is  ready  for  oxidation  by  the  addition 
of  two  or  three  cc.  of  nitric  acid,  added  drop  by  drop  to  the  boiling  solution. 
The  chromium  carbides  in  tungsten  steel  are  usu.illy  decomposed  without  evap- 
oration until  salts  separate.  Steels  high  in  carbon  and  containing  from  10  to 
25  per  cent  of  chromium  may  require  after  the  oxidation  with  nitric  acid  a 
second  evaporation  until  salts  separate.  The  analyst  should  examine  the 
solution  for  undcoomposed  carbides  in  all  doubtful  cases.  Samples  resisting 
the  foregoing  treatment  may  be  successfully  dealt  with  after  solution  in  hydro- 
chloric acid,  and  oxidation  with  nitric  acid,  followed  by  evaporation  with 
sulfuric  acid  until  fumes  appear.     All  hydroclJorio  acid  must  be  removed. 

Oxidation  of  Chromium.  Wiien  the  decomposition  of  carbides  is  complete 
and  the  iron  has  been  oxidized,  the  solution  sliould  be  diluted  with  hot  water 
to  a  volume  of  250  to  300  cc.  In  this  volume  the  concentration  of  sulfuric 
acid  is  high  enough  to  prevent  the  precipitation  of  manganese  as  dioxide 
during  the  oxidation  with  ammonium  persulfate,  if  the  amount  of  manganese 
is  not  over  one  per  cent.  On  the  other  hand,  the  concentration  of  sulfuric 
acid  is  not  liigh  enough  to  interfere  with  the  oxidation  of  the  chromium  and 
manganese.  Should  the  manganese  exceed  one  per  cent,  a  smaller  samjile  may 
be  used,  or  the  solution  may  be  diluted  to  a  larger  volume,  making  at  the  same 
time  a  suflicient  addition  of  sulfuric  acid  to  maintain  the  same  concentration. 

When  the  solution  has  been  heated  to  Ijoiling,  add  10  cc.  of  the  silver  nitrate 
solution  followed  by  20  co.  of  the  ammonium  persulfate  solution.  The  success 
of  the  oxidation  is  indicoted  by  the  development  of  the  color  of  permanganic 
acid,  but  there  should  not  be  more  than  a  very  slight  turbidity  from  the  forma- 
tion of  manganese  dioxide.  If  this  color  does  not  develop  and  persist  after  two 
minutes  boihng,  more  of  the  oxidizing  solution  should  be  added.  The  boiling 
is  continued  at  least  eight  minutes.  With  high  percentages  of  chromium  in 
which  the  additions  of  persulfate  are  large  a  longer  time  increases  the  accuracy 
>  G.  L.  Kelley,  chemist,  Midvale  Steel  and  Ordnance  Company. 
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of  the  determination.  In  the  presence  of  silver  nitrate  eight  minutes  boiling 
is  usually  sufficient  to  complete  the  breaking  down  of  the  smaller  amounts  of 
ammonium  persulfate.  After  this  and  while  the  solution  is  still  boiling,  an 
addition  of  5  cc.  of  one  to  three  hydrochloric  acid  is  made  to  decompose  the 
permanganic  acid.  Should  the  hydrochloric  acid  be  added  too  soon,  the 
decomposition  of  any  remaining  ammonium  persulfate  gives  rise  to  products 
which  reduce  the  chromic  acid.  In  this  concentration,  the  hydrochloric  acid 
can  decompose  no  more  than  traces  of  manganese  dioxide,  for  which  reason  the 
solution  should  be  nearly  clear  at  the  time  the  addition  is  made.  Five  minutes 
is  the  minimum  time  of  boiling  for  the  decomposition  of  the  permanganic  acid, 
but  a  longer  time  is  not  harmful  if  the  volume  does  not  fall  too  low.  After 
cooling,  the  solution  is  ready  to  titrate. 

Titration  of  the  Solution.  Place  the  electrodes  in  the  solution,  and  by 
adjusting  the  resistance,  place  the  beam  of  light  at  that  end  of  the  scale  toward 
which  it  tends  to  move  as  the  oxidation  potential  of  the  solution  under  exam- 
ination increases.  Add  the  ferrous  sulfate  solution  rapidly  until  the  beam  of 
light  moves  permanently  in  the  opposite  direction.  Follow  this  with  dlchro- 
mate  solution  added  dropwisc  until  the  beam  will  move  no  further  in  the 
direction  of  its  original  position.  Ferrous  sulfate  solution  is  then  added  one 
drop  at  a  time  until  the  end-point  is  found.  This  is  taken  as  the  first  drop  at 
which  there  is  a  permanent  movement  of  the  beam  away  from  the  original 
position.  During  the  latter  operation  the  beam  is  usually  stationary  or  nearly 
BO  until  the  end-point  is  reached.  If  the  end-point  is  not  sharp,  this  may  be 
improved  by  adding  25  cc.  of  sulfuric  acid. 

Eaoii  cubic  centimeter  of  the  dichromate  solution  is  equivalent  to  0.10  per 
cent  of  chromium  in  a  J  g.  sample.  To  calculate,  convert  the  ferrous  sulfate 
used  into  terms  of  dichromate,  subtract  the  amount  of  dichromate  actually 
added,  and  divide  by  the  number  of  grams  in  the  sample  and  by  10. 

If  vanadium  is  present,  this  also  will  be  titrated.  In  such  a  case  the  end' 
point  described  under  the  vanadium  titration  should  be  used.  To  calculate 
the  result,  multiply  the  vanadium  titration  as  found  in  the  vanadium  deter- 
mination by  .340  and  subtract  this  from  the  titration  of  chromium  and  vana- 
dium together. 

References 
J.  Ind.  and  Eng-  Chem.,  p.  719,  Vol.  8,  1916. 
Ibid.,  p.  780,  Vol.  9,  1917. 
Ibid.,  p.  632,  Vol.  11,  1919. 
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Determination  of  VanadiumJn  Steel  by 
Electrometric  Titration' 

Dichromate  Solution,  Dissolve  .9609  g.  potassium  dicbromate  in  water  to 
make  exactly  one  liter.  1  cc.  correaponda  to  ,10  per  cent  vanadium  in  a  1  g, 
sample.  The  factor  for  converting  this  dichromate  solution  into  one  in  which 
1  cc.  is  equivalent  to  .1  per  cent  of  chromium  in  a  one  gram  sample  is  .340, 

Ferrous  Ammonium  Sulfate.  Dissolve  8  g.  ferrous  ammoDium  sulfate  and 
100  cc.  of  sulfuric  acid  in  water  to  make  approximately  one  liter.  Coiqpare 
this  solution  daily  with  the  standard  dichromate  solution. 

Procedure.  When  the  vanadium  present  is  less  than  .5%,  use  a  two  gram 
sample,  dissolving  in  40  cc.  sulfuric  acid  (sp.gr.  1.58)  and  60  cc.  water.  When 
the  vanadium  is  higher  use  a  1  g.  sample,  dissolving  this  in  30  cc.  of  sulfuric 
acid  and  50  cc.  of  water.  When  solution  is  complete,  oxidize  with  two  to  three 
cc,  of  nitric  acid  added  gradually.  Tungsten  does  not  interfere  if  the  given 
proportions  of  acid  and  water  are  adhered  to,  but  under  other  conditions  it 
may  precipitate  in  such  a  way  as  to  cause  difficulty  in  titrating.  Boiling  after 
the  addition  of  nitric  acid  should  be  continued  until  the  tungsten  appears  to  be 
well  oxidized.  The  solution  should  then  be  diluted  to  200  cc.  volume  and 
40  cc.  of  cone,  nitric  acid  added.  It  is  then  ready  to  be  boiled  at  least  one 
hour  at  such  a  rate  that  the  final  volume  falls  between  100  and  125  cc.  Shorter 
boiling  may  give  incomplete  oxidation,  but  no  danger  attends  longer  boiling 
if  the  volume  does  not  fall  below  100  cc.  Reducing  the  volume  below  this 
point  may  result  in  the  oxidation  of  chromium.  After  cooling  and  diluting  to 
300  CO.,  the  solution  is  ready  for  titration.  The  temperature  should  be  20°  C. 
or  lower. 

During  the  titration,  there  is  at  first  a  gradual  fall  of  potential.  After  a 
time  the  beam  of  light  comes  to  rest.  Continued  addition  of  ferrous  sulfate 
at  length  causes  the  beam  to  move  again.  When  this  occurs,  enough  chromafe 
is  added  to  cause  its  return.  The  dropwise  addition  of  ferrous  sulfate  soon 
causes  a  succession  of  small  movements  followed  by  some  larger  ones,  the 
largest  of  which  is  taken  as  the  end  point. 

The  directions  given  above  result  in  the  oxidation  of  99  per  cent  of  the 
vanadium  in  solution.*  Accordingly  this  may  be  calculated  by  dividing  by 
.99  or  approximated  by  adding  one  per  cent  of  the  figure.  When  tungsten  is 
present,  a  certain  amount  of  vanadium  is  occluded  by  the  tungsten  oxide. 
This  amounts  to  .015  per  cent  in  steels  containing  11  to  15  per  cent  tungsten 
and  .02  per  cent  in  those  containing  20  per  cent.  This  should  be  added  to 
the  amount  found  by  titration. 

Reference 
Jour,  of  Indust.  and  Engrg.  Chcm.,  p.  Id,  10,  1918. 

'  G.  L.  Kelley,  chemist,  Midvole  Steel  and  Ordnance  Company. 
'  See  Jour.  American  Chemical  Society,  p.  341,  38,  1916,  and  Jour,  of  Indust.  and 
Engrg.  Chem.,  p.  632,  11,  1919. 
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Determination  of  Manganese  in.  Steel  in  the  Presence  or  Absence 
of  Chromium  and  Vanadium  by  Electrometric  Titration' 

Solutions:  Ammonium  PerttdfaU.  Ammonium  persuffate  100  g.  and  water 
to  make  one  liter. 

Sodium  Thiosulfale.     Saturated  Bolution. 

Treated  Three  Per  Cent  Nitric  Acid.  30  cc.  nitric  acid,  1  g.  sodium  bis- 
muthate  and  970  cc.  water. 

Treated  Twenty-five  Per  Cent  Nitric  Acid.  250  cc.  nitric  acid,  2  g.  sodium 
bismuthate  and  750  cc.  water. 

MereXiTous  Nitrate.  Dissolve  10.5  g.  mercurous  nitrate  in  2  cc.  nitric  acid 
and  150  cc.  water.  Decant  the  clear  portion  and  make  up  to  one  liter.  Adjust 
strength  after  five  days  to  equal  that  of  the  permanganate  solution. 

Potassium  Permanganate.  3  g.  potassium  permanganate  in  two  liters  of 
water.  After  a  few  days,  filter  through  asbestos  and  adjust  strength  by  the 
addition  of  water  until  39.33  cc.  is  equivalent  to  .1200  g.  Bureau  of  Standards 
sodium  oxalate.  It  then  contains  .0005  g.  Mn  per  cc.  and  1  cc.  is  equivalent  to 
.05  per  cent  Mn  in  a  1  g.  sample. 

Procedure.  Dissolve  1  g.  of  steel  in  60  cc.  of  nitric  acid  (sp.gr.  1.13),  add 
10  cc.  of  persulfate  solution  and  bgil  until  the  persulfate  is  decomposed.  Re- 
duce the  solution  with  thiosulfate  and  boil  three  minutes.  Add  50  cc.  of 
"treated  25  per  cent  nitric  acid"  and  cool  to  20"  to  30"  C.  Oxidize  with  1  g. 
of  sodium  bismuthate  for  at  least  one  minute  and  filter  through  an  asbestos 
mat  on  a  perforated  porcelain  plate,  washing  the  beaker  and  the  mat  with  100 
cc.  of  "treated  3  per  cent  nitric  acid."  Oxidation  should  be  continued  long 
enough  to  insure  the  oxidation  of  all  manganese.  The  oxidation  of  chromium 
is  of  advantage  for  it  is  not  titrated  by  the  mercurous  nitrate  under  the  con- 
ditions described,  and  as  chromic  acid  it  does  not  reduce  the  permanganic  acid. 
Because  of  this,  while  there  is  no  need  for  haste  in  filtering,  it  is  important  to 
titrate  as  soon  as  the  bismuthate  has  been  removed  to  avoid  the  reaction 
between  the  chromic  salt  and  permanganate.  The  filtrate  should  be  promptly 
added  to  a  beaker  containing  cold  water  or  ice  and  50  cc.  of  sulfuric  add 
(sp.gr.  1.5S)  added.    Titration  is  best  made  at  a  temperature  of  20°  C. 

The  permanganate  and  mercurous  nitrate  should  be  compared  by  titrating 
at  least  20  cc.  of  the  permanganate  solution  in  a  cool  mixture  made  up  of  50  cc. 
sulfuric  acid,  150  cc.  ice  water  and  100  cc.  of  "treated  25  per  cent  nitric  acid." 
The  solution  must  be  free  from  sodium  bismuthate.  To  titrate,  place  the 
beam  of  light  on  the  scale.  Near  the  end-point  successive  additions  of  mer- 
curous nitrate  couse  the  beam  to  leave  the  scale,  after  which  it  returns  slowly. 
At  length  the  beam  remains  ofT  the  scale  at  least  30  seconds.  This  may  be 
taken  as  the  end-point.  If  there  is  doubt,  the  addition  of  a  few  drops  of 
permanganate  causes  its  return.  The  end-point  may  then  be  found  as  before, 
or  it  may  be  taken  as  the  addition  which  causes  the  beam  to  remain  perma- 
nently at  least  five  large  divisions  from  the  original  position.  Repeated  back 
titration  gives  poor  results. 

To  calculate,  subtract  the  permanganate  used,  divide  the  result  by  2,  and 
move  the  decimal  point  one  place  toward  the  left. 

'  G.  L.  Kelle^,  chemist^  Midvale  Steel  and  OrdDonce  Compuiy. 

'  E)iaBolve  high  chromium  15  per  cent  steels  in  hydrochloric  acid  and  evaporate 
three  times  with  nitric  acid.     Then  proceed  as  usual. 

*  The  presence  of  cobalt  interferes  with  this  titration.  In  such  cases  the  manganese 
■hould  be  precipitated  with  ammonium  persulfate  by  the  known  methods. 
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BEAM  TEST  FOR  DETERMINING  THE  PRESENCE  OF  j 

SUSPENDED  MATTER  IN  OASES'  | 

Tyndall  demoiiBtra.ted  that  dust  particles  are  responBible  for  the  visibili^ 
of  rays  of  light,  such  as  the  sun  beam  or  the  beam  of  the  searchlight.  He  did 
Dot  ipake  clear  the  best  conditions  enabling  one  to  see  the  beam  produced  by 
minute  amounts  of  suspended  matter  in  purified  gases,  nor  did  he  show  that  a 
gas  free  of  dust  may  still  produce  a  beam  in  presence  of  liquid  mist.  The 
opinion  commonly  current  regarding  the  conditions  necessary  to  see  the  beam 
produced  by  light  rays  in  purified  gas,  is  that  the  rays  should  be  parallel  and 
should  be  viewed  with  the  visual  axis  at  right  angles  to  this  beam.  Observing 
these  conditions  the  author*  failed  to  see  the  beam  using  direct  sunlight,  but 
discovered  that  a  cone  of  light  from  an  arc  light  gave  a  distinct  beam.  This 
led  to  the  discovery  that  the  beam  is  best  viewed  by  glancing  towards  the 
source  of  light.     Accordingly  the  apparatus  shown  in  Fig.  226  was  designed. 

For  the  examination  of  a  corrosive  gas,  it  is  advisable  to  have  the  chamber 
of  the  camera  made  of  a  material  not  affected  by  that  gas.  For  example,  in 
examining  purified  contact  gas  a  lead  chamber  is  recommended.  The  interior 
of  the  chamber  is  blackened  with  dull  paint  that  is  a  poor  light  reflector.  In 
the  apparatus  shown,  circular  glass  discs  close  the  ends  of  the  tubes  "a,"  "b" 
and  "c,"  The  gas  examined  enters  near  the  eyepiece  "b"  and  passes  out  at 
the  opposite  large  end.  The  ray  of  light  is  directed  through  a  small  opening, 
either  circular  (diam.  1  cm.)  or  a  narrow  slit,  located  at  "a"  and  passes  through 
the  arm  of  the  tube  and  out  through  a  glass  window  at  "c."  The  idea  is  to 
avoid  light  reflection  iu  the  chamber,  as  this  would  cause  a  ^ow  in  the  tube 
and  greatly  reduce  the  sensibility  of  the  teat. 

The  beam  caused  by  liquid  mist  alone  appears  as  a  uniform  pencil  or  band 
of  light,  whereas  dust  particles  produce  a  sparkling  effect  or  irregular  flashes 
of  light.  The  beam  is  more  intense  with  the  gas  in  motion.  Within  certain 
limits  the  intensity  of  the  beam  is  directly  proportional  to  amount  of  suspended 
matter  in  the  gas. 

If  the  gas  is  dry  the  beam  is  completely  removed  by  passing  the  gas  through 
a  three-inch  mat  of  loosely  carded  purified  asbestos.  If  the  gas,  thus  purified 
of  solid  matter,  is  passed  through  a  liquid  the  beam  again  becomes  apparent. 
From  this  it  is  evident  that  the  test  must  be  applied  to  dry  gas  if  it  is  desired  to 
ascertain  the  presence  of  solid  matter  in  suspension. 

Fig.  230  shows  the  apparatus  set  up  for  ascertaining  the  effectiveness  of 
a  scrubber  in  a  quantitative  determination  of  the  solid  and  liquid  suspended 
matter  in  a  gas.  The  apparatus  is  so  arranged  that  comparisons  may  be  made 
of  the  unfiltered  gas,  by  means  of  a  bypass  with  that  of  the  filtered  or  purified 
gas.  Advantage  is  taken  of  the  difference  in  pressures  at  A  and  B,  so  that  a 
continuous  sample  may  be  taken  of  the  gas  without  the  necessity  of  an  aspirator. 
A  hand  arc  light  shown  on  the  left  furnishes  the  rays  of  light  which  enter  at  "  a  " 
and  pass  out  into  the  air  at  "c."  The  beam  is  viewed  through  the  eyepiece  "  fr." 
The  meter  measures  the  volume  of  gas  aspirated. 

'  Contributed  by  Wilfred  W.  Scott. 
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Beam  Test  for  SuBpBnded  Hattera  in  Gum. 
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DETERMINATION  OF  SOLID  AND  LIQUID  IMPURITIES 
IN  A  QAS' 

Solid  or  liquid  impuritiea  suspended  in  a  gas  may  be  removed  quantitatively 
by  passing  the  goB  through  a  filter  of  loosely  carded  dry  Bsbestos.  A  filter  tvo 
inches  thick  and  Ij- inches  in  diameter  is  effective  in  removing  suspended 
matter  completely  with  gas  passing  through  it  at  the  rate  oF  2  to  3  liters  per 
second  (5  to  7  cubic  feet  per  minute).  It  is  essential  that  the  asbestos  be  free 
from  condensed  moisture  as  a  so^y  filter  is  not  effective  for  gas  filtration. 

DetenninatioD  of  Sulphuric  Acid  Mist  in  Gas.  The  gas  is  aspirated 
through  a  filter  of  well-carded,  blue  fibre,  purified  asbestos,  the  asbestos 
entracted  with  water  and  the  extract  titrated  with  standard  alkali. 

Apparatus.  An  ordinary  1}  inch  filter  tube  funnel  (see  Fig.  229)  with 
long  stem,  to  permit  a  sample  being  drawn  directly  from  the  flue  may  be  used. 
If  the  gas  is  supersaturated  with  moisture  it  is  advisable  to  use  the  form  of 
apparatus  shown  in  Fig.  228,  the  bottle  serving  as  a  condensing  chamber  to 
avoid  water  condensation  on  the  asbestos.  Occasionally  it  is  necessary  to 
pass  the  gas  through  two  such  chambers  to  remove  the  condensed  moisture 
from  warm  moist  gases. 


The  funnel  is  packed  first  with  a  layer  of  glass  wool,  followed  by  a  two-inch 
layer  of  well-carded,  purified,  blue  asbestos,  and  finally  a  second  layer  of  glass 
wool.  The  gloss  wool  prevents  the  asbestos  plugging  the  inlet  and  exit  open- 
ings.    Perforated  disks  may  be  used  in  place  of  the  glass  wool. 

The  asbestos  is  the  blue  African  form.  Wliite  asbestos  will  not  give  accur- 
ate results  as  this  is  attacked  sHghtly  by  dilute  sulphuric  acid  and  decidedly 
so  by  strong  sulphuric.  The  blue  form  is  not  appreciably  attacked  so  that  the 
acid  may  be  extracted  as  free  acid  by  water.  The  asbestos  is  purified  by 
digesting  with  nitric  acid,  followed  by  a  second  digestion  with  hydrochloric 

'  Contributed  by  Wilfred  W.  Scott. 
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Impurities  in  Gases. 


Via,  230.    Apparatus  for  determining  solid  or  liquid  impurities  in  gases, 
add.     The  material  is  now  thoroughly  washed  to  remove  the  acids  and  is 
dried.     The  dry   asbestos  is  placed  in   wide  mouth   bottles  until  required. 
Before  using  it  is  carded  or  fluSed  out  by  means  of  a  pick  and  then  placed 
loosclj'  in  the  funnel  to  be  used  in  the  test. 

The  Test.  The  gas  is  aspirated  through  the  filter  at  the  rate  of  about  five 
cubic  feet  per  minute,  the  gaa  being  measured  by  a  dry  gas  meter  following  the 
apparatus.  When  a  volume  of  10  to  100  cubic  feet  of  gas  has  been  aspirated, 
the  amount  depending  upon  the  amount  of  acid  mist  present  in  the  gas,  the 
asbestos  filter  is  placed  in  a  beaker.  (If  SOj  is  present  in  the  gas,  os  is  the  case 
in  contact  sulphur  gases,  air  is  first  passed  through  the  asbestos  to  remove 
the  SO..)  The  tube  is  rinsed  out,  the  rinsings  added  to  the  asbestos.  The 
contents  of  the  beaker  is  now  transferred  to  a  two-inch  Buechner  funnel  in 
position  on  a  Hnlf-liter  capacity  suction^ bottle.  The  water  is  drawn  out  of 
the  asbestos  and  the  filtrate  passed  through  the  mat,  thus  formed,  to  remove 
the  asbestos  fibers.  The  mat  is  washed  with  small  portions  of  pure  water, 
until  free  of  acid  and  the  extract,  transferred  to  a  beaker,  is  titrated  with 
standard  alkali.  N/20  alkali  has  been  found  to  be  satisfactory.  Methyl 
orange  is  used  as  an  indicator. 

DeterminatioD  of  Arsenic  in  Gas.  The  test  is  the  same  as  the  one  described 
for  determining  sulphuric  acid,  Analiquot  portion  of  the  water  extract  is 
taken  for  a  Gutzeit  determination  of  arsenic.  The  Gutzcit  method  is  described 
in  full  in  the  chapter  on  arsenic,  Volume  L  Arsenic  in  purified  contact  gas  is 
carried  in  the  acid  mist. 

Determination  of  Chlorides.  A  portion  of  the  water  extract,  obtained  by 
the  procedure  described  under  the  test  for  acid  in  gas  and  filtered  through 
paper  if  necessary,  is  examined  for  chloride  by  the  turbidity  test  by  addition  of 
nitric  acid  followed  by  silver  nitrate  reagent.  Comparison  is  made  with  a 
standard  using  either  Nessler  tubes  or  a  colorimeter.  If  the  amount  of  chloride 
is  too  great  for  a  turbidity  test  a  gravimetric  determination  should  be  made, 
or  the  aliquot  portion  taken  should  be  sufiiciently  diluted  with  water  to  enable 
the  turbidity  test  to  be  made.  The  standard  should  contain  the  same  amount 
of  sulphuric  acid  as  the  sample.     The  extract  should  be  free  of  asbestos  fibre. 

Composition  of  Asbestos. 

•Asbestos              SiO,,        CaO,        MgO,        FeO,  AliG.,  MnO,  H>0 

Blue— African          49.0           1.2            2.7         24.4  11.9         —  — 

White— Canadian    40.3           —           43.4             .9  2.3          —  13.7 

White— Italian         55.9          17.8          20.3            —  4.3          I.l  — 
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L.  D.  Robeotb' 
Detectioa 
Radium  discharges  the  electroscope  of  the  alpha  ray  instniroent.  However, 
other  radioactive  elemeots  do  also.  There  are  ooly  three  elements  that  give  & 
gas  called  emanation  as  a.  product.  These  elements  are  actinium,  radium  and 
thorium.  They  can  all  be  distinguished  by  collecting  the  gas  and  obeerving 
its  rate  of  decay.  The  time  required  for  one  half  of  the  gas  to  decay  is  knowa 
as  the  half-period.  The  half-period  of  actinium  emanation  is  3.9  sec.,  radium 
emanation  3.85  days,  thorium  emanation  54  sec.  In  preparing  samples  for 
the  alpha  ray  test  they  should  be  ground  to  about  the  same  mesh.  If  the 
sample  causes  the  leaf  to  move  faster  than  it  moves  when  the  chamber  is  empty, 
the  specimen  is  radioactive.    The  time  is  taken  with  a  stop-watch. 


Radium  is  determined  by  the  following  methods:  I,  Alpha  Ray;  11,  Emana- 
tion; III,  Gamma  Ray.  The  determination  with  the  alpha  ray  instrument  is 
only  approximate  and  depends  on  having  the  samples  in  the  same  physical 
condition  as  much  as  possible.  The  discharge  of  the  leaf  is  influenced  by  the 
fineness  of  the  sample.  Also  the  compound  that  the  element  is  found  in 
makes  a  difference.  The  emanating  power  of  radium  chloride  is  greater  than 
that  of  radium  sulfate,  or  oxalate.  This  method  is  used  in  the  mining  camps 
because  it  is  simple  and  requires  very  little  equipment.  The  emanation 
method  is  more  accurate  and  is  usually  used  at  the  plant  and  laboratory.     The 
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gamma  ray  method  ia  used  when  the  sample  cannot  be  removed  from  its  con- 
taioer,  and  also  for  very  high  grade  material.  Tubes  of  emasation  prepared 
for  therapeutic  use  are  determined  id  this  way. 

The  Alpha  Ray  Method 

The  alpha  ray  instrument  consists  of  an  electroscope  head  A  (Fig.  231)  and 
the  chamber  B.  Head  A  contains  an  aluminum  or  gold  leaf  attached  to  a 
metal  rod  and  a  reading  telescope  so  placed  as  to  read  the  deflection  of  the  leaf 
when  charged.  B  is  the  chamber  to  receive  the  sample.  A  spring  from  the 
metal  rod  in  A  connects  this  with  a  rod  which  extends  into  B.  On  the  end  of 
the  latter  is  placed  a  disk.  The  rays  discharge  the  leaf  through  this  disk  and 
rod.  The  rod  in  the  chamber  is  insulated  from  the  case  with  amberoid,  made 
by  subjecting  amber  powder  to  great  pressure.  A  is  charged  by  means  of  a 
battery,  or  an  ebonite  rod  can  be  used.  The  battery  is  made  by  connecting 
seventy-five  to  a  hundred  French  cells  (or  Eveready  Tungsten  No,  703)  of 
about  five  volts  each  in  series.  It  is  best  to  ground  the  negative  end  and 
connect  -1  by  a  floating  wire  to  the  positive  pole  of  the  cell  which  will  give  the 
desired  deflection  of  the  leaf.  The  case  of  the  chamber  is  connected  to  the 
ground  wire.  A  tube  of  distilled  water  is  placed  in  the  circuit  to  prevent  the 
shorting  of  the  batteries.  Care  should  be  taken  not  to  charge  the  leaf  enough 
to  throw  it  against  the  case.  The  "natural  Leak"  is  found  by  taking  the  time 
for  the  leaf  to  move  over  forty  divisions,  and  calculating  the  divisions  per 
second.  Less  than  forty  divisions  may  be  taken  if  the  time  for  forty  di^'isions 
is  quite  long.  If  the  leaf  moves  at  the  same  rate  over  the  whole  scale,  any 
part  may  be  taken.  The  sample  is  placed  in  the  plate  for  solids,  and  this  is 
made  exactly  level  full.  The  plate  containing  the  sample  is  placed  in  a  pan 
to  protect  the  instrument  from  receiving  active  matter.  The  pan  with  its 
contents  is  now  placed  in  the  chamber  B.  As  the  chained  leaf  passes  8  (or 
some  other  chosen  starting  place)  thestop  watch  is  started.  The  watch  is 
stopped  at  4.  The  rate  of  discharge  is  calculated  in  divisions  per  second,  and 
the  natural  leak  is  subtracted.  A  standard  is  run  in  exactly  the  same  way. 
Since  the  rate  of  discbarge  is  directly  proportional  to  the  amount  of  radium 
present,  the  amount  of  radium  in  the  sample  may  be  found  by  comparing  its 
rate  of  discharge  with  that  of  the  standard.  -TKis  method  gives  approximate 
results.  If  the  samples  are  of  the  same  general  character,  the  results  may  be 
in  very  good  agreement,  checking  tho^  obtained  by  the  emanation  method 
very  closely. 

Emanatloii  Method 

I.  Carbonate  Fu^oo.  About  2  grams  of  a  mixture  of  sodium  and  potas- 
sium carbonates  are  placed  in  a  platinum  boat  about  2  in.  long,  \  in.  wide  and 
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\  in.  deep.  Larger  boats  may  be  used  for  low  grade  samples  where  large 
amounts  are  taken  for  analysis.  From  0.05  to  1  gram  of  the  sample  should  be 
weighed  in  the  boat.  The  boat  is  now.  filled  level  full  of  the  funon  mixture. 
The  fusion  is  made  over  flame,  or  bett«r,  in  an  electric  furnace  at  about  1000°  C. 
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The  boat  should  be  put  in  the  furnace  while  the  furnace  is  cool.  This  will 
allow  the  fusion  to  dry  and  melt  elowly,  thus  tending  to  prevent  "boiling" 
over.  The  analyst  will  learn  by  practice  how  fast  to  heat  up  the  furnace. 
When  thoroughly  fused  and  while  still  at  the  highest  temperature,  suddenly 
chill  the  fusion  by  dipping  the  boat  in  water,  being  careful  not  to  allow  water 
to  run  into  the  boat  and  wet  the  fusion.  This  chilling  causes  the  mass  to  draw 
away  from  the  boat  and  in  the  acid  treatment  slip  out  of  the  boat.    The  mass 


Fig.  233. 
is  also  made  more  porous  bo  that  the  acid  attacks  it  much  better.  If  very 
little  silica  is  present,  the  chilling  is  not  necessary.  However,  it  does  no  harm. 
The  boat  with  the  fusion  is  scaled  ia.a  glass  tube  as  shown  in  Fig.  232.  The  tube 
should  be  no  larger  than  necessary.  A  number  of  tubes  should  be  prepared 
in  advance  by  having  one  end  sealed.    After  standing  from  one  to  five  or  more 
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daye  (this  time  dependB  on  the  amount  of  radium  present  and  on  the  time 
the  result  is  demanded,  the  fourth  day  is  usually  about  right;  this  gives  a 
little  more  than  a  50  per  cent,  recovery  of  the  emanation),  the  emanation 
surrounding  the  boat  is  drawn  into  an  evacuated  chamber.  The  chamber 
may  be  evacuated  by  means  of  an  aspirator  on  the  water  faucet  or  by  a  pump. 
To  draw  the  emanation  from  the  tube  to  the  evacuated  chamber  a  rubber  tube 
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ia  placed  on  one  end  of  the  sealed  tube  and  connected  to  the  chamber  with 
a  capillary  tube  intervening  to  prevent  broken  glass  from  being  drawn  into 
the  chamber,  and  a  glass  stopcock  is  connected  by  a  rubber  tube  on  the  other 
end.  The  tip  of  the  sealed  tube  next  to  the  chamber  is  broken  with  a  pair  of 
pliers  and  the  stopcock  of  the  chamber  opened  for  an  instant.  The  other  tip 
is  broken  and  the  glass  stopcock  opened  for  an  instant.  The  stopcock  of  the 
chamber  is  opened  again  and  closed  after  an  instant.  Air  is  let  in  through  the 
glass  stopcock  again.  After  air  is  taken  through  about  three  times  the  chamber 
is  ready  to  receive  the  emanation  from  the  burette.  It  is  necessary  to  use  only 
a  small  part  of  the  vacuum  to  draw  the  emanation  from  the  sealed  tube.  The 
tube  is  broken  and  the  boat  is  folded  in  a  filter  paper  in  such  a  manner  that 
the  paper  will  hold  the  boat  in  the  neck  of  the  flask  until  the  flask  is  connected 
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with  the  ftpparatua  ms  ihowa  in  li^g.  233.  About  4  in.  of  aatick of  BodJum 
hydroxide  la  placed  in  the  leveling  bulb  D.  BoiliDg  water  is  poured  on  this 
and  the  solution  is  raised  in  the  burette  about  three-fourths  of  its  height, 
having  atopcocik  E  closed  and  F  open.  F  is  now  dosed  and  the  leveling  bulb 
hung  on  hook  G.  Flask  C  contains  I-l  HNO*;  or  if  the  fusion  is  hard  to  dis- 
integrate 3  parte  of  acid  to  2  of  water  is  used.  The  boat  is  shaken  into  the 
nitric  acid  and  stopcock  £  opened  immediately.  A  bunsen  burner  flame  is 
applied  to  the  flask  and  the  acid  brought  to  boiling.  The  boiling  is  continued 
for  10  to  30  minutes  according  to  the  nature  of  the  fusion.  The  heating  must 
be  regulated  so  that  the  solution  in  the  burette  is  not  driven  too  low.  If  the 
flask  is  heated  too  strongly  tbe'gas  may  be  prevented  from  escaping  through 
tube  H  by  raising  leveling'^ulb  D.  The  burette  is  now  connected  to  the 
chamber  by  means  of  a  micro-drying  bulb  A  containing  sulfuric  acid.  The 
stopcock  of  the  chamber  is  opened  very  slightly.  Then  the  stopcock  of  the 
■burette  is  opened  slowly  but  fully.  The  stopcock  of  the  chamber  is  now 
regulated  till  the  flow  of  gas  is  such  that  the  liquid  in  the  burette  rises  steadily 
but  not  too  fast.  When  the  liquid  rises  to  the  stopcock  the  stopcock  is  turned 
and  air  let  in  till  the  level  is  about  one-fourth  down  the  tube.  The  air  is  drawn 
into  the  chamber  till  the  liquid  again  reaches  the  stopcock.  The  air  is  again 
let  in  as  before.  The  stopcock  is  opened  into  the  chamber  again  and  the 
liquid  poured  out  of  the  leveling  bulb.  Air  is  drawn  through  the  column  till 
the  chamber  is  full.  The  burette  is  diaconnected,  and  the  chamber  set  away 
to  be  read  at  the  end  of  three  hours.  Just  before  time  to  make  the  reading  the 
electroscope  head  is  placed  on  the  chamber  and  charged  for  fifteen  minutes, 
and  the  chamber  is  opened  to  atmospheric  pressure  by  opening  the  stopcock 
for  only  an  instant,  Fig.  234.  From  three  to  ten  readings  with  the  stop  watch 
are  taken  over  forty  small  divisions,  say  from  8  to  4.  The  temperature  and 
pressure  are  noted.  If  these  vary  greatly  from  thfr  conditions  at  which  the 
instrument  was  standardized,  the  correction  of  the  Wcharge  must  be  made. 
The  rate  of  discharge  will  be  proportional  to  the  pressure  and  inversely  pro- 
portional to  the  temperature.  The  discharge  is  calculated  in  divisions  per 
second.  The  natural  leak,  or  still  better,  the  blank  is  subtracted  from  this. 
This  discharge  is  compared  with  that  of  a  standard. 

Examide  of  a  Detenninatioa  and  Calculatioa. 

0.5  g.  of  sample  sealed  Oct.  1  at  5:00  P.M. 
Boiled  off  Oct.  5  at  8:30  A.M. 

Time  of  recovery  3  days,  ISj  hours 
Recovery  factor  for  3  days,  15  hr.  0.47926    See  table. 
J  hr.     0.00193 


0.4812 
log.  of     0.4812       -1.6822 
colog.  of  0.4812  .3178 

A-II  Time  of  discharge  over  40  divisions  of  head  A  on  chamber  II.    92.5  sec 


B-II  Time  of  discharge  o 
1.6021  log.  of  40 
1.9661  log.  of  92.5 


T  40  divisiona  of  head  B  on  chamber  II.     100  sec. 


■  1.6360         - 1.6330  log  of  0.4295 

.4325         —9.9450  etandardization  of  instrument 

.0030  blank    .3178 
.3010  to  change  J  g.  to  gram. 

.4295  2.6567  to  change  grams  to  pounds 

3.3010  to  change  pounds  to  tons 


-2.1545 

14.3  mg.  of  radium  per  ton. 

B-II  ia  calculated  in  the  same  way.  The  standardization  of  this  i>artccular 
instrument  was  —9.9825.  The  last  four  numbers  are  the  same  in  the  two 
cases.  The  number  for  the  standardization  of  the  instrument  ia  the  log  of  the 
number  of  grams  of  radium  necessary  to  discharge  the  leaf  one  division  per 
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second.  This  is  obtained  by  running  through  the  Instrument  pitchblende  or  a 
radium  solution  the  radium  content  of  which  is  accurately  known.  In  all 
cases  the  natural  leak  or  a  blank  must  be  subtracted. 

The  instrument  is  charged  15  minutes  before  the  readings  are  made  in 
order  to  allow  the  active  deposits  of  Radium  A,  B  and  C  to  collect  on  the  wall 
of  the  chamber.  The  leaf  system  should  be  charged  positively.  The  readings 
are  taken  ut  the  end  of  three  hours  after  the  emanation  is  drawn  into  the 
chamber  becau.se  the  activity  increases  to  a  maximum  at  that  time.  For  the 
first  part  of  the  period  the  increase  is  very  rapid.  The  maximum  is  actually 
reached  at  the  end  of  four  hours,  but  between  three  and  five  hours  the  change 
ia  very  slow. 
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As  soon  as  the  readings  are  made  the  instnimeiits  must  be  freed  from 
emanation  by  drawing  dry  air  through  them,  the  air  being  dried  by  aulfurio  add. 

n.  Bisidfate  Fusion.  A  pyrex  test  tube  1.1/8  in.  in  diameter  and  S  in. 
long  ia  filled  about  }  full  of  fused  potassium  bisulfate.  Sodium  bisulfate  or  a 
mixture  of  botli  potassium  and  sodium  bisulfates  may  be  used.*  From  0.05 
to  5  grams  of  the  finely  ground  sample  should  be  added,  the  amount  depending 
on  the  radium  content  of  the  sample.  The  tube  is  filled  about  J  full  of  potas- 
sium bisulfate.  In  adding  the  last  bisulfate  care  should  be  taken  to  cany 
down  any  of  the  sample  adhering  on  the  side  of  the  tube.  The  mixture  is 
now  thoroughly  fused,  continuing  till  reaction  is  complete.  The  test  tube  Is 
removed  from  the  flame  and  held  in  a  nearly  horizontal  position  and  slowly 
turned  while  the  melt  solidifies.  A  very  small  amount  of  barium  carbonate 
is  dropped  into  the  tube.  About }  of  a  gram  is  sufficient.  In  cases  of  camotite 
ores,  slimes,  and  tails  the  fusion  will  be  yellow;  As  soon  as  the  tube  is  cool 
enough  to  be  handled  a  rubber  stopper  carrying  two  outlet  tubes  drawn  out 
to  rather  fine  tips  (see  figure]  is  inserted.  If  this  is  done  as  soon  as  possible 
there  will  be  a  partial  vacuum  in  the  tube  when  it  cools  and  this  will  indicate 
when  the  emanation  is  taken  off  that  there  has  been  no  leak.  One  of  the 
outlet  tubes  should  extend  about  one  fourth  way  down  the  test  tube  and  the 
other  just  through  the  stopper.  After  emanation  has  recovered  at  least  one 
day  the  tube  is  connected  to  on  evacuated  chnmber  as  shown  in  Fig.  235.  Micro- 
drying  bulb  A  contains  water  or  sulfuric  acid  and  acts  as  an  indicator  to  show 
when  the  current  of  air  into  the  chamber  is  correctly  regulated,  fl  contains 
the  fusion;  C  sodium  hydroxide  solution;  D  sulfuric  acid.  The  tip  near  A  is 
broken  with  a  pair  of  pliers.  On  account  of  the  vacuum  in  B  air  rushes  through 
A.  Immediately  after  breaking  the  first  tip  the  second  should  be  broken.  The 
stopcock  of  the  chamber  is  slowly  opened  till  air  bubbles  rather  slowly  through 
A.  The  tube  containing  the  fusion  is  carefully  heated  until  all  the  fusion  is 
melted.  It  is  boiled  for  at  least  five  minutes,  or  till  the  chamber  is  about  to 
atmospheric  pressure.  During  the  heating,  a  steady  current  is  maint.iined 
throughout  the  heating  by  regulating  the  stopcock  of  the  chamber.  The 
chamber  is  disconnected  and  set  away  to  be  read  at  the  end  of  three  hours. 
The  procedure  is  the  same  from  this  point  as  in  the  carbonate  fusion  method. 

The  Gamma  Ray  Metbod 

The  sample  is  placed  in  the  holder  at  such  a  distance  as  will  cause  a  reason- 
able rate  of  discharge^about  one  division  per  second.  A  standard  is  then 
placed  at  the  same  distance  and  the  two  rates  of  discharge  compared.  The 
natural  leak  should  be .  subtracted  from  each  reading.  The  quantities  of 
radium  are  proportional  to  the  rates  of  discharge. 

In  the  gamma  ray  instrument  the  lead  plate  and  the  brass  case  of  the 
chamber  stop  all  the  radiation  except  the  gamma  rays. 

See  Fig.  236. 

Method  for  Solutions 
A  measured  volume  of  the  solution  is  placed  in  a  150  cc.  pyrex  flask  and 

dilute  nitric  acid  added,  filling  the  flask  about  one-half  full.  A  little  barium 
nitrate  should  be  added  to  prevent  the  precipitation  of  radium  sulfate.  The 
solution  is  boiled  to  expel  all  the  emanation.    In  the  Colorado  8c  hool  of  Mines 
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a  Bpecial  flask  with  a  long  }  in.  neck  is  used.  Thia  is  sealed  off  in  the  flame 
while  the  solution  is  nearly  boiling.  The  ordinary  flask  may  be  used  by  in- 
serting a  rubber  stopper  carrying  a  tube  which  can  be  sealed.  Or  the  neck  of  a 
pyrex  flask  can  be  drawn  out  and  sealed.  With  the  rubber  stopper  the  emana- 
tion sometimes  leaks.  The  special  flasks  are  made  by  the  Denver  Fire  Clay 
Company.  After  the  emanation  has  recovered  for  one  or  more  days  the  flask 
is  connected  to  the  burette  by  a  light-walled  rubber  tube  as  in  Fig.  233.  The 
tip  is  broken  and  beat  is  applied  to  the  flask.    On  breaking  the  tip  the  rubber 


tube  collapses  if  the  flask  has  not  leaked.  When  the  pressure  in  the  tube  is 
about  atmospheric  the  stopcock  is  opened  slightly  from  time  to  time  until  the 
gas  goes  into  the  burette,  and  then  opened  wide.  The  solution  is  boiled  for 
about  ten  minutes.  The  gas  is  then  drawn  into  an  evacuated  chamber,  as 
described  in  the  other  methods.  The  calculation  may  be  made  in  milligrams 
per  liter. 

Notes 

The  carbonate  method  is  similar  to  that  given  in  bulletin  104,  U.  S.  Bu- 
reau of  Mines. 

The  bisulfiLte  method  of  which  the  method  here  given  is  a  modification  was 
first  published  by  Howard  H.  Barker  in  the  Journal  of  Industrial  and  Engineer- 
ing Chemistry  for  July,  1918,  and  improved  by  the  Radium  Company  of 
Colorado. 

Radium  is  found  principally  in  camotite  and  pitchblende.  The  largest 
carnotite  deposits  in  the  world  are  in  southwestern  Colorado  and  southeastern 
Utah.  Uranium  ores  contain  radium;  the  ratio  of  radium  to  that  of  uranium 
is  3.4  X  10-';  or,  there  are  3.4  parts  of  radium  to  10,000,000  of  uranium. 

Radium  salts  correspond  chemically  to  those  of  barium.  In  water  barium 
sulfate  is  100  times  as  soluble  as  radium  sulfate. 

Radium  is  used  in  the  treatment  of  certain  malignant  growths  and  in  lumi- 
nous paints.  Some  of  the  radioactive'  elements  have  furnished  the  means  of 
studying  atomic  structure. 

Emanation  should  not  be  allowed  to  remain  in  the  chambers  any  longer  than 
is  necessary.     Air  dried  by  sulfuric  acid  should  be  drawn  through  them. 


The  percent  of  UjOs  multiplied  by  2.6  gives  the  milligrams  of  radium  per 
ton  in  ores.  Ttiis  holds  good  unless  the  ratio  has  been  disturbed  by  leaching 
or  some  other  cause. 
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tables  of  compositions,  1073-1075 
white  metals,  1073 
Alloys,  decomposition  of,  71, 101, 167, 183 
186.  272.  1072,  1077,   1080,  1082, 
1083,  1085,  1086 


AUo^i — r^eteetion   of    bismuth   in,    1070, 
lP-79-ll)83 
of  iiom  iD,  228 
general,  alloys  with: 
antimony,  20,  21 
iridium,  383 
iron -titanium,  297 
leaJ,  21,  272 
manganese,  236 
moljitdenum,  297 
ttickel,  3:11,  339 
rhodium,  391 
silicon,  297 


1,  21 


I,  540 


speriai  alloys,  analysis  of: 

bearing  metal,  determination  of  bis- 
muth, 71,  1079-1083 

brass  and  bronze,  determination  of: 
arsenie,    antimony,    copper,    lead, 

iron,  zine,  108.1-1084 
vanadium  in,  596 

Britannia  metal.  dctermlnlDK  arsenic, 
antimony,  bismuth,  copper,  lead, 
iron,  manganese,  tin,  1082-1083 

German  silver,  determinioK  iron, 
nickel,  zinc,  etc.,  1085 

6un  metal,  A.  8.  T.  M.  method  of 
analysis,  1098 

manganese  bronze,  A.  S.  T.  M. 
method,  1089 

manganese,  phos[>horus  bronze — de- 
termining copper,  lead,  iron, 
manganese,  phosphorus,  zinc, 
1087 

Bose'a  metal,  determining  copper, 
bismuth,  lead,  1079 

type  metal,  det.  copper,  load,  anti- 
mony, tin,  iron,  arsenic,  107S 

soft  solder,  determining  arsenic,  anti- 
mony, iron,  lead,  tin,  Kiuc,  1077- 
1079 

Wood's  metal,  determining  arsenic, 
antimony,  bismuth,  cadmium, 
copper,  iron  lead,  tin  nine, 
1080-1081 

sine  amalgam,  mercury  in,  1107 
Alpha   benzildioiime   method    for   deter- 
mining nickel,  332 

lest  for  nickel,  311 
Alumina  in  nitrate  of  soda,  350 

in  phosphate,  together  nith  iron,  372 

In  Prussian  blue,  1189 

in  ultramarine  blue,  1194 

in  sand,  438 

in  silicate  of  soda.  4-37 

in  titaniferoua  ores,  552 

in  water,  1423 
basic,   determination   of,   in   aluminum 
Hits,  13 


and    iron    oxide    in    composite    white 
paint,  1189 
in  green  paint  pigments,  1196 
in  metallic  lead,  290 
in  Portland  cement,  1206 
together  in  phosphate  rock,  372 
Alumina   ores,   arsenic  determination   In, 

50 
Aluminum,  detection  of,  3 
estimation,  general  i)rocec 

gravimetric,  by  hydrolysis  with  am- 
monium hydroxide,  7 
by  hydrolysis  with  sodium  thiosul- 

phate,  9 
by  precipitation  Ba  aluminum  chlo- 
ride, 10 
as  phosphate,  9 
volumetric,    determination    of    com- 
bined fliuuiiua,  11,  15 
free  alumina  or  free  acid,  12 
special  proccdutes; 
analysis  of  metallic  for  silicon  and 

ironi*18, 17 
in  iron,  and  steel,  16,  268-269 
in  presence  of  iron,  phenylhydra- 
zine  method,  552 
impurities  in  metallic  aluminum,  18 
industrial  application,  3 
occurrence,  minerals  and  ores,  3 
preparation  and  solution  of  the  sample, 


3-5 


and  its  alloys,  S 


metallic  alun 
properties,  3 

aluminum  phosphate,  10 
separation  from  glueinum,  iron,  manga- 
nese,     nickel,      phosj)harie      acid, 
silica,  titanium,  uranium,  zinc,  6, 6 
from  chromium,  158,  159 
from  glueinum,  226 
solubilities,  metal  and  its  oxide,  3 
traces,  detection  and  estimation  of  with 
alizarine  8,  3 
AInminum  Company  of  America,  method 

for  aluminum,  16 
Alunite,  alkalies  in,  41S 
American   Vanadium   Company,   methods 

of  aoalyaia,  594-596 
Amino-nitrosophenyl-lhydroiylamine 

method  for  iron,  2oO 
Ammonia,  albuminoid,  in  water,  estima- 
tion of,  1413 
free  in  water,  estimation  of,  1412,  1431 
gravimetric  method  for,  determining  aa 

platinocbloride,  342 
total,  in  ammoniaeal  liquor,  343 
traces,  determination  of,  in  gas,  1261 
volatile,  in  ammoniaeal  liquor,  343 
volumetric  method,  343 
Ammonia,  aqua,  volumetric  method  for, 
1070 
in  fused  zinc  chloride,  det.  of,  617 
specific  gravity  table,  1069 


AinmoniB-dja smite,  analTsis  ot,  1379 
Ammonium    cbloride,    fusion    with    per- 
pttorate  (note),  152 
teit  for  iridium,  383 
test  for  palladium,  386 
teat  for  platinum,  376 
test  for  vanadium,  583 
hrdroiide     method     for     determining 
traces  of  copper,  1B9 
test  (or  iron,  246 
test  for  palladium,  3S4 
test  for  rhodium,  389 
iridium     cblonde,     determination     of 


t,  384 


magnesium    phosphate,    acid    titration 
of,  294 
properties  of,  £94 
nitrate  washing  solution  for  aluminum 

hydroxide,  8 
nitrate-pytidine  in,  1309 
oxalate  reagent  for  oijgen  consumed, 

water  analysis,  1417 
phospho   molybdatc   method   for   phos- 
phorus, 366 
phosphate  method  for  separating  mag- 
nesium from  alkalies,  408 
plat inoch lor i;le  method  for  determining 
ammonia,  342 
Ammonium  nitrate,  pyridine  in,  360 
Ammonium  picrate,  analysis  of,  1393 
Ammonium    salts,    effect    on    magaesiiua 
precipitation,  293 
affect  on  sulphur  determinations,  497 
determination  of  ammonia  in,  341 
monia  in,  343 


test  for  vanadium.  583 
sulpbocyanste  test  for  cobalt,  166 

test  for  iron,  246 
table,  sp.  gr.,  1069 

Ampre,  definition  of,  708 

Amyl  alcohol — see  fusel  oil 

Andrew's  method  for  silver,  448 

Andrew-Burgarsik 'a  method  for  analysis 
of  crude  bromide  and  bromine,  96 

Anemometer,  1236 

Aniline  method  for  det.  acetic  anhy- 
dride, ln54b 

Animal  and  vegetable  oils,  analysis  of, 
1123 
test  for,  1134 

A  nth  ra  qui  none,  1325 

Antilluorescenee,  tests  for,  1135 

Autimonoiis  and  nntimonic  salts,  distinc- 
tion between,  IS 

Autimony,  detection  of,  b^  hydrogen  sul- 
phide test,  hydrolysis,  in  minerals, 
traces,  IS 


estimation,  general  proeeduretf: 

gravimetric,   electrolytic   as    metanie 
antimony,  24 
as  trisulphide,  8b,S„  23 
volumetric,  bromate  method,  ^ 
indirect  evolution  method,  tS 
iodide  method,  26 
oxidation  with  iodine,  27 
permanganate  method,  28 
special  procedures: 

determination  in  alloye,in  bras*  and 
bronze,  1084  . 
in  Britannia  metal,  1083 
in  copper,  202 
in  bard  lead,  25 
in  metallic  lead,  288 
in  rubber  goods,  21,  136S 
in  Rose's  metal,  lOSO 
in  soft  solder,  27,  1078 
in  tartar  emetic,  33 
in  tin  and  lead  alloys,  27 
in  type  metal,  1077 
in  Wood's  metal,  lOSO 
in  presence  of  vanadium,  592 
industrial  application  of  analysis,  18 
occurrence,  minerals,  ores,  and  alloys.  18 
preparation  and  solution  of  the  sample: 
alloys   of   antimony,   tin,    and   lead, 
hard    lead,     low-grade 


properties,  antimony  trisulphide,  24 
separation  from  members  of  the  sub- 
sequent groups,  aluminum,  chrom' 
lum,  cobalt,  iron,  manganese, 
nielcel,  sine,  alkaline  earths  and 
alkalies,  21 
from     bismuth,     cadmium,     capjwr, 

lead  and  mercury,  21 
from  arsenic,  antimouy  and  tin.  22-23 
from  tin  in  alloys,  1076,  1083 
solubility   of   the  element   and   ita   ox- 
ides, 19 
solution  for  standard  stains,  31 
traces  of,  in  refined  copper,  32 
traces,  determination  of,  29 
Antimony  and  calcium   oxides  in   As^,, 

54 
Antwerp  blue,  analysis  of.  1194 
Apothecaries'  weight  table,  703 
Apparatus  for  cement  testing,  1203 
Applebauni,  A.  F.,  chromium  in  steel.  164 
Arc,  electric,  temp  era  t  lire  of.  650 
Areas,  for mu lie  for  determining,  703 
table  of,  702 

triangle,  rectangle,  parallelogram^ trap- 
ezoid, circle,  703 
Argon  in  the  atmosphere,  358 
Arnold  -  Kjetdnhl  -  Qunning    method    for 

nitrogen.  339 
Arsenates,  alkali,  35 
Arsenates,  distinetion  from  i 


Arsenic  acid,  alkali  arsenates,  37 

commercial  As,Oj,  analysts  of,  S3 
Arsenic,  Jetection  of,  by  Outzeit  test,  by 
hydrogen  sulplinie,  volatility  test,  34 
estimation,   general  proceilures: 

gravimetric,  determination  as  arsenic 
trisulphidc.  As^S,,  41 
determination  as  magnesium  pyro- 
ancnate,  41 
Tolumetric,    oxidation     with    iodine, 
Mohr'a  method,  44 
iodate  method,  44 

■ilFer  arsenate  method,  43 
special  procedures: 

determination  in  alloys,  iirass  and 

bronze,  1084 
in  alloys,  distillation  method,  1084 
in  Britannia  metal,  1083 
in  brimstone,  519 
in  copper,  202 
in  gases,  det.  of  1S05 
in  hydrochloric  acid,  1014 
in  metallic  lead,  287 
in  molybdenite  and  wuinenite,  565 
in  molybdenum  ores,  det.  of,  325 
in  presence  of  vanadium,  693 
in  Bose'a  metal,  1080 
in  soft  solder,  1078 
in  steel,   37 
in  BuIphUTLc  acid,  103S 
in  tangsten  ores,  5SS 
in  tjpe  metal,  1077 
in   Wood's  metal,   1080 
impurities  in  "arsenic  acid,"  determi- 
nation of  moisture,  antimony,  ar- 
senic, calcium,  cobalt,  copper,  iron, 
lead,  nickel  and  xinc  oxides,  silica, 
snlphuric  acid.  53 -S 5 
industrial  application  of  methods,  34 
occurrence,  minerals,  ores,  34 
potassium  iodale  method,  44 
preparation  and  solution  of  (he  sample, 
alkali  arsenates,   arsenic   acid,   ar- 
senous  oxide,  hydrochloric  and  sul- 
phuric acids,  pyrites  ore,  35,  49 
lead  arsenate,   sine   arsenite   insecti- 
cides,  copper,   iron,   30,   37 
properties,  34 

Mparation  from  other  elements  by  dia- 
tillation,  37 
from  antimony  and  tin,  40 
from  tin  in  alloys,  1193 
■olubiltty  of  oxides,  sulphides  and  other 

salts,  34 
aUlQs,     preservation     of     for     Gutieit 

method,  47 
traces,   deterniination    of   by   modified 

Qutzeit  method:  40,  52 
Marsh  test  for,  47 

In    acids,    hydrochloric,    nitric,    sul- 
phuric, 49-50 


in    baking    powders,    canned    goods, 

meat,  organic  matter,  etc.,  51 
in  ores,  alumina-bearing,  bauxite,  cin- 

ders,  pyrites,  50 
in  organic  matter,  51 
in  reHned  copper,  202 
in  salts,  sodium  chloride,  magnesium 
sulphate,  etc.,  51 
Arseuons  acid,  determination  of  ivith  io- 
dine, 43 
reduction  of  bromates  with,  90 
chloride,  volatility  of,  34 
oxide  in  paint  pigments,  1185 
in  zinc  oxide,  1185 
Arsenous  method  for  determining  perox- 
ides, 1539 


Ash,  fusibility,  122B 
in  black  paint  pigments,  1197 
in  coat,  determination  of,  1228 
in  explosives — see  explosives 
in  linseed  oil,  1100 
in  plants,  determining  alkalies  in,  282 
Asphalt — see  Bituminous  aubstaiices,  1289 
Aasaying  of  gold  and  silver,  — 
chapter  on  furnace  methods  of,  431, 

487 
combination  methods,  4B1 
consequent   to  furnace  operations,  454 
corrected  assay,  454 
crucible  method  of  fusion,  457 

cupellation,  472 
cyanida  solutions,  gold  in,  485 
furnace  operations,  453 

preliminary  to,  454 
gold  determination,  4S4 
parting,  478 

preliminary  to  furnace  operations,  454 
quantity  of  sample,  influence  of,  454 
roasting,  incineration,  435 
sampling,  451 
scon  Re  at  ion,  467 
silver  determination,  454 
silver  and  gold  retained  tn  the  slag,  454 
type  schemes,  470 
weight,  unit  of,  deQnition,  454 
Astringency  of  tnnnie  acid,  1338 
A.S.T.M.  analysis  of  nllovs,  1089-llOfl 
A.S.T.M.  standards  for  Chinese  wood  oil, 
1171 
for  linseed  oil,  boiled  and  raw,  1172 
turpentine,  1174 
Atomic   weights,   interuatioaal,  table  of, 

057 
Attack's  method  for  traces  of  aluminum, 

14 
Avoirdupois  weight,  table  of,  702 

Bach's  test  for  rapeseed  oil,  1139 
Bacteria,  total  in  water,  1461 
Bacteriological  exam,  of  water,  1454-1468 


Bahr's  app.  for  solubility  deterni.,  1476- 

1477 
Baket  and  Clark,  chapter  on  tin,  525-536 
Baker's  melhod  for  tin,  532 

determination 


.,  2B1 


Baking    powder, 
in,  51 


phoaphatp,  determination  of  phaspboric 
acid  in,  365 
Bolata,  I.t71 

Bail  mill  (Fig.  103),  1217 
Bardy  nnd  Riclic  on  dct.  methj'l  alcohol, 

1331 
Barium,  detection  of  with  aat.  sol,  of  cal- 
cium nr  strontium  Bu1[jliRtes,  56 
with    soluble    chromates,     fluosilicic 

acid,  flame,  56 
spectrum  of,  56 
estimation,  general  procedures: 
gravimetric,   determination   s 
mate,  BaCrO.,  63 
as  sulphate,  BaSO.,  64 
Tolumelr'  ' " 


Barnitt,  formuln  for  solutions,  1045 

chapter  on  sampling,  1491 
Barton,  methods  for  titanium  in  steel. 547 
Barton  and   Bcott,  chapter  on  titaainm, 

538 
Barytes,  analysis  of,  determining  barium 
carbonate,  barium  sulphate,  iron  and 
aluminum   oxides,  hme,   magnesia, 
silica,  soluble  SO,,  etc.,  66-6S 
water  test  for  magnesium,  291 
Base  box,  definition  (note),  524 
Bases,  reactions,  tables  of,  61)2-645 
~  method    for    precipitating 


■,  66 


1  of  carbon- 


dichroniate  method.  65 
permanganate  method,  65 
potassium  iodide  method,  65 
MtimatioQ,   special   procedures: 
determination  in  insoluble  residue 
in  ores,  63 
in  silicates,  6-t 

ore,  valuation  of.    See  Barytea. 
industrial  application,  56 
occurrence,  ores,  commercial  jiroduets, 

56 
preparation  and  solution  of  the  sample, 
carlionates,  insoluble  residue,  sul- 
phates, sulphides,  soluble  salts,  or- 
ganic matter,  56-57 
properties,  barium  suljihate,  56,  64 

barium  chromate,  64 
separations,  general  considerations,  57 
from  alkalies  and  magnesium  by  the 
oiaJnte    and    sulphate    met  bods, 
59,  60 
from  calc. 

solubilities,  barium   co'mpounds,  56.  64 
traces,  dctertion  of  by  flame  and  spec- 


r  chloride  test  for  chro- 


,  156 

chloride  in  hydrochloric  acid,  1019 

-potassium  chromate  method  for  sul- 
phur determination,  505 

test  for  hroniate,  92 

test  for  selenium,  421 
chromate,  determination  of  chromium 

as,  160 
.   property  of.  64 

solubility  of,  64 

•thiosulphate  method  for  sulphur,  506 


alur 


,  298 


Basic  alumina  in  aluminum  salts,  determi- 
nation of.  13 

1  bichloride 


:  hydrochloric  a 
■'   ,  530 


of  ti   . 

Basic  nitrate,  precip.  of  bismuth  a 

Basicity  of  aluminum  sulpiinte,  13 

Battery  zinc  amnlgam,  1350 

Baubigny's  method,  modifled,  for  deter- 
mining halogens,  154 

Baudiscb's   cupferron    melhod    for   iron, 
250 

Bnudouin's  teat  for  sesame  oil,  1139 

Baughmann,  W.  F,,  97,  834 

Bauiile,  analysis  of,  determining  solublt 
and  total  alumina,  soluble  and  total 
iron,  insoluble  residue,  silica,  titanium 
oxide,  14-15 
arsenic  determination  in,  60 

Bead  test  for  titanium,  538 

Beam  test  for  matter  susp.  in  gas.  I.'i54 

Bearing  metal,  detcrmming  bismuth  in,  71 

Beeswax,  eonstnnts.  1150 

Bechi's  test  for  cottonseed  oil.  JIZ9 

Bekk's  method  for  determination  of  the 
halogens,   155 

Belt  dressings,  1145 

Bcneker's  melhod  for  carbon  in  steel,  130 

Bennett's    melhod    for    determining    ar- 
senic, 45 

Benzidine  acetate  test  for  gold,  229 
hydrochloric    acid    method    for    deter- 
mining sul]>hatc9,  507 
sulphate     method     for     su1i>hate8     in 
water,  1-127 

Benze's  method   for   determining  cerium 
in  Welsbach  mantles.  133 

Benzoic    acid    standard    for    acidimetry. 
1008 

Berg,  P.  von,  iodine  titration  of  cadmium 
sulphide,  103 

Berkeley's  app.  solubility  dd.,  1472,  1473 

Berthelot's  lest  for  alcohol.  1521 

Beryllium.     See  Glucinum,  225 

Betts,  nitrometer  method,  355 

Bicarbonate,  determination  of,  1059 

Bichloride    of    tin.    Acker    method    for 
analysis,  530 


Bichloride   of   tin — hot   water   preeipiU- 
tion  of  tin  in,  530 
sulphide  method  for  tin  in,  532 
Biehromato    tnctliod    for    dct.    glycerol, 
153C.     Sec  dichroniate 
hydroiide  method  for  separating  mag- 

uestum  from  alkalies.  407 
sulphate,  a]ipiiralua  for  filtering  of,  500 
deeompoaition  for  sulphnr  det.,  496 
in  blanc  fiie,  IISS 
in  lithopone,  11S6 

precipitation  of  suli.hiir  sa,  497-498 
properties  and  solubility  of,  64 
Barinm  ores,  analysis  of,  66 
Barker's  liydrometer  for  CO,  det.  in  car- 

HonatcH,  125 
B.  eoli,  eiaminalion  of.  1462 
Baughman  and  Skinner — method  for  io- 
dine in  water,  245 
Bidtel's  method  for   valuation   of   fiuor- 

»par,  223 
Bishop,  fuming  aulphiirlc  ar'.il  table,  673 
Bishop  and  Allen,  method  for  determin- 

iuK  sulphur  in  ores,  498 
Bismuth,  detection  of,  general  procedure, 
reducing  agents,  blowpipe  test,  70 
estimation,  general  procedures: 

gravimetnc,   dcterminnlton   as   basic 
chloride,  73 
as  metal  by  cyanide  reduction,  76 
as  metal  by  electrolysis,  76 
u  oxide,  BiA,  74 
as  sulphide,  Bi.S^  75 
voiumelric,    bismiitli     iod;do    eolori- 
melric  method,  78 
cinchonine  potassium  iodide  colori' 

melric  method,  77 
permaugauate  tilrntion  of  oiaUte, 
76 
estimation,  special  procedures: 
in  alloys  and  metals, 
in  Britannia  metal,  1083 
in  melallie  copper,  200 
in  metallic  lead,  79,  2Sfl 
in  ores,  mattes,  80 
in  Hose's  metal,  1079 
in  Wood's  metal,   1080 
industrial  application  of  methods,  70 
occurrence,  70 

preparation  and  solution  of  the  sample, 
alloys,   lead   bullion,   reSned   lead, 
ores,  70,  71 
properties,  liisniulb,  basic  nitrate,  74 
oxy 'Chloride,  73 
sulphide,  75 
separations,  aluminum,  chromium,  iron, 
cobalt,    manganese,    nickel,     zinc, 
magnesium,  alkaline  earths,   alka- 
lies, 72 
from  arsenic,  antimony,  tin,  molybde- 
num, selenium,  tellurium,  72 
from  cadmium  and  copper,  73 


from  lead  and  mercury,  72 
solubility,  metal  and  salts,  70,  73,  74, 75 
traces,  determination  of,  77,  78 
Bi  smut  ha  to  method  for  determining  man- 
ganese, 301 
in  bronze,  1097 
in  steel,  264 
in  water,  1426 
Bisulphite.    Sec  nietabisulphite 
Bitumen  and  pitch  in  rubber,  1358 
Bituminous    substances,    asphalts,    tars, 
pitches,  1289-1350 
Abraham's  ductility  test,  1304 
Anlhraquinone  reaction,  1325 
Bit.  solvent  examin.,  cements,  paints, 

varnishes,  1,146-1349 
Carbenes,  1318 
characteristics  of  talde,  1326-1327 
ehem.  te^ts,  carbon  free  in  tars,  1322 
oxygen    in    non-mineral   matter, 

1321 
solid  parafBues,  1323 
sulphonation  re<^idue,  132.t 
waler,  high  and  low  distl.,  1320 
composition  of.  1289-1293 
erude,  redncd.  blended,  exam,  of,  1294 
diazo  reaction,  1324 
distillation      test-flask      and      retort 

method.  1315-1316 
ductility.  Dnw  test  of,  1302 
emulsions,  1349 
examination  of,  1289-1350 
fabrics,  examination  of,  1336 
physical  testa  of,  1337 
resist,     dampness,    elect,     cur., 

hent,  weniher,  1338 
weight,  pliability  and  strength, 
1339 
fabrics  separated,  examin.  of,   1344 
flasb'point,      Penski-Martins     closed 

tester,  1314 
filler  and  pigment  in,  1347 
fracture  of,  1295 
hardness     or     consistency     test     by 

needle  penetrometer,   1298 
heat  tests  1305-1309 
cube  method.  1309 
liall  and  ring  method.  1308 
Kramer-Sarnow  method,  1305 
mineral    aggregates,    physical    tests 
compression  nnd   impact  distor- 
tion under  heat,  1328-1329 
mineral  matter,  examination  of,  1333- 

]3.'t5 
physical  characteristics,   1295 
saponiGable  nnd  unsaponiSable  mat- 
ter  1323 
separation   bitum.   from  mineral  ag- 
gregate, 1330 
centrifugal  method,  1332 
Forest 's  hot  extraction,  13.10 
■ep,  bitum.  min.  and  flb,  m.,  1339 


Bituminous  substaneea — 

fabrics — siiigle  layer,  Baturated  or 
coated      roofings,      laniiuated 
.    fabrics,  etc.,  1330-1343 
Smith's  ductititr  mafhiiif,  1303 
solubility  teats  by  CS:,,  1317 

test  by  pelTOleuTD  aaphiha,  1317 
epecifio  gravity  by  hydrometer,  1295 
pycnOTneler,  1206 
Weatpbal  balauce.  1295 
streak  on  porcelain,  1295 
Ausceptibilily  factor,  1302 
table  of,  1290-1292,  1294 
viscosity,  Engler  and  float  tests,  1207 
volatile  matter,  1312 
Black  powder,  analysis  of,  1372 
Black  oils,  1145 

Blair,  bismutliale  method  for  determina- 
tion of  manganese,  301 
colorimetric  method  for  carbon   deter- 
mination in  ateel,  12S 
Blanc  flie  and  Larytes,  analysis  of,  69, 

1188 
Blangey's  method  for  chloric  aciil.  153 
Blast-furnace  gas,  analysis  of.  12SS 
Blasting  caps,  analysis  of,  1396 
Blattner  and  Brassucr,  chlorine  in  ehlo- 
rates  and  perch lo rates,  153 
method   for   reduction    of   chlorates, 
152 
Blay  and  Borkhard,  graduated  weighing 

burette  (Fig.  83),  1012 
Bleaching   powder,   evaluation   of.   155 
Blister  copper,  electrolytic  determination 

of  copper,  188 
Blood,  carbon  monoiide  determination  by 
means  of,  1273 
in  carbon  monoxide.  S3 
"Bloom"  in  oils,  1135 
Blowpipe  teat  for  bismuth,  70 

test  for  cadmium,  100 
Blowpipe  and  flame  tests,  table  of,  625 
Blue    lead,    sublimed,   analysis   of,    1104 
Blue  vitriol,  copper  determination  in,  206 
Boiling,   prolonged,   effect   on   aluminum 
hydroxide  precipitate,  8 
effect  on  gluciiium  separation   from 
aluminum,  227 
point  chart,  sulphuric  acid  of  varying 
concentration,  1036 
Borax  bead,  boron  test,  81 
evaluation  of,  66 
table  of  tests,  627 
Boric  acid,  Chapin  's  determination  of,  87 
evaluation  of,  S7 
in  foods,  83 

method     for    determining    ammonia 
(references),  1128 
Boron,  detection  of,  borax  bead  test,  prop- 


85 

volumetric  determination,  86 
estimation,  special  procedure: 

determination-  as  boric  acid  in  bat- 
ter, 83 
in  canned  goods,  84 
Boron,  distillation  app.   for,  88 

estimation,  determination,  in  meat,  S3 
in  milk,  83 

in  silicates,  enamels,  ete^  82 
in  mineral  water,  82 
industrial   application  o(  methods,   81 
occurrence,   ores,   alloys,   sundry   prod- 
ucts, 61 
preparation  and  solution  of  the  sample, 
boric  acid,  boric  oxide,  boracite, 
borocalcile,    boronatroealcite,    cal- 
cium    borate,     enamels,    silicates, 
etc.,  82 
carbonates,  butter,  meat  and  canned 

goods,  83 
mineral  water,  82 
solubility  of  boron,  boric  acid,  borax,  83 
traces;  detection  of,  by  Robin's  test, 87 
Bosworth   and  Gooch.  method   for  silver 

determinati,.n,  448 
Bowman    and     Scott,    ferrous    sulphate 

method  for  nitric  aciJ,  1024 
Bradbury   and    Owen,    alkali    carbonates 
and  hydrates  present  together,  1066 
Brass  and  bronxe.  analysis   of  determin- 
ing   arsenic,    copper,    iron,    lead, 
antimony,  tin  and  fine,  1083-1085 
determination  of  vanadium  in.  598 
method  of  National  Brass  and  Cop- 
per Tube  Co.,  lead  and  copper. 


Breycr,  chapter 


ingane 
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methods  of  analysis  of 
■piegel 


determinati 


separation  of  sine  as  sulphide,  60S 

Briggs  and  Scott,  modified  Orsat  appa- 
ratus (Fig.  131).  1267 

Brimstone,  analysis  of,  determininK  mois- 
ture, ash,  arsenic,  chlorine  and  avail- 
able sulphur  in,  519 

Brines,  preparation  of  for  alkali  determi- 
nation, 405 

Brinton  and  James  det.  of  cerium,  130 

Briquettes,  cement,  details  for  and  illus- 
tration of  (Fig.  08),  1205 

Britannia  metal,  analysis  of,  determining 
arsenic,  bismuth,  copper,  iron,  lead. 
antimony,  and  tin,  1082,  1083 

British  thermal  unit  (B.t.u.)   calculation 
of,  1225 
determination   of   beat   value   of  coal. 


Bromine,  determination  of  in  illnniinat- 

ing  gas,  I2S7 
Bromate   met  bod    for   (letermining   anti' 

mony,  25 
Bromates.  detection  of,  92 

determmalioa   of   bj*    arsenous   reduc- 
tion, 9S 
Bromine,  detection  of,  tests  nith  carbon 
diaulphide,  carbon  tetraehloride,  ba- 
rium   chloride,   magenta   test,   silver 
nitrate,  9S 
estimation,    general    procedures: 

gravimetric,  determination  as  silver 

bromide,  94 
volumetric,   free   bromine   by   potas- 
sium Iodide  method,  95 
mines,  95 
chlorine   method    for   soluble   bro- 
silver  thioeyanate  method  of  Vol- 
hard,  95 
estimation,  special  procedures: 

crude  potassium  bromide,  analysis  of, 


mpurii 


pbospboms  in  steel,  265 

silicon  in  steel,  268 

sulphur  in  steel,  266 
Burettes,   standard,    for   acidimetry   and 

alkalimetry,  1009 
Burges'  nitroso-beta-naphthol  method  for 

cobalt,  169 
Burkhard    and    Blay,    weighing    burette, 

1012 
Burning  oils.     See  Oils,  1109 
B.  Tjplii,  eiaminatioLi  of,  H67 
Butler,  boric  acid  determination  in,  83 
method  of  analysis.     See  Oils,  1143 


Cadm: 


detection  o(,  general  proeed- 
99 

of  cadmium,  blowpipe  test. 


n  commercial  bromine,  chlo- 


preparation  and  solution  of  the  sample, 

organic  matter,  salts,  etc.,  93 
properties,  93 
separations   from   chlorine  and  iodine, 


traces,  determination  of,  95 
Bromine-ammonia  method  for  separating 
manganese  from  line,  600 
precipitating  manganese  dioxide  with, 
299 
Bromine  number  in  oil  analysis,  1130 
Bronze,  analysis  of  by  A.  S.  T.  M.,  10B9 
Browne's  heating  tests  for  Chinese  wood 

oil,  1170 
Browning-Drushel,    scnaration    of    mag- 
nesium from  the  alkalies,  40S 
Browning-Flint,  method  for  determining 

tellurium,  427 
Browning's   Introduction   of   Rarer   Ele- 
ments  (reference),  136 
test  for  fluorine.  213 
test  for  silica,  4.11 
Buckwheat  coal,  determination  of  B.t.u. 

in.  example  data,  1227 
Buddc's  method  for  rubber  analysis,  1356 
Buovold  's    gravimetric    method    for    ni- 
trites, 358 
Bunsen  pump  (Fig.  Ill),  1232 
Bureau  of  Standards  method  for  carbon 
in  steel,  260 
manganese  in  steel,  264 


epMru 

estimation,  general  procedure: 

gravimetric,    determination    as    cad- 
mium sulphate,  102 
as  cadmium   sulphide,  101,   612 
as  metallic  cadmium  by  eleetroly- 
eis,  102,  611,  1102 
volumetric,   iodine   titration   of  cad- 
mium sulphide,  103 
estimation,  special  procedures; 

determination  in  alloys  and  metals; 
in  brass,  det.  of,  lOSS 
in  metallic  lead,  2S8 
in  ores,  det.  of,  101 
in  spelter,  612 
in  Wood's  metal,  1080 
industrial  application,  99 
occurrence,  99 

preparation  and  solution  of  the  sample, 
alloys,  carbonates,  ores,  sulphiaes, 
in  presence  of  lead,  100 
separation   from   members  of  the   am- 
monium  sulphide  group,  alkaline 
earths  and  the  alkalies,  100 
from  arsenic,  antimony  and  tin  in 
presence  and  in  absence  of  cop- 
per, 100 
from  copper  in  alloya,  1081 
from  bismuth  and  lead,  101 
from  mercury,  101 
from  silica,  100 
Cadmium  chloride  and  sulphate  reagent* 
for  sulphur  determination,  501 
sulphate,  determination  of.  102 
sulphide,  gravimetric  determination  of 
cadmium  as,  612 
volumetric     determination     of     cad- 
mium as.  103 
Cfesium,  detection  of,  402 

separation   from   lithium   and   sodium, 
408 
Caben- Little-Morgan,  arsenic  determina- 
tion in  organic  matter,  36 
Caillet,  elaidin  test  for  oils,  1126 


Cain  Bud  Witmer,  metliod  for  vanadium 

in  ateel,  591 
Calcium,  detection  of,  general  procedure, 
104 
flame  test,  speelruni,  lO-l 
cat  im  at  ion,  general  procedures: 
gravimetric,  oxalate  method,  107 

other  methods,  lOS 
vol  J  metric,    pcrmaiiganate    titration 
of  the  oxalate,  108 
estimation,  special  procedurea: 
'    determination  of  in  composite  white 
paints,  1190 
in  green  paint  pigments,  1196 
in   orange   and   yellow   paint   pig- 
ments, 1195 
in  Portland  cements  aa  CaO  (lime), 

1207,  1209 
in  sand,  312 
in  it^ler,  1424 

in  tvater  as  calcium  sulphate,  1125 
industrial  application  of  methods,  104 
occurrence,  ores,  minerals,  etc.,  104 
preparation  and  solution  of  the  sample 
cements,  dolomites,  limestone,  mag- 
netite,' gypsum,   plaster   of   Paris, 
silicates,  sulphates,  sulphides,  py- 
rites, salts,  105 
separation  from  aluminum, iron, copper 
cobalt,  nickel,  manganese,  zinc  and 
members  of  ttie  hydrogen  sulphide 
group,  105 
from     alkalies,    barium,     strontium, 

magnesium,  P;0,,  106 
front  silica,  103 
solubilities,  104 
traces,  detection  of,  104 
Calcium   earbon.ite,   apparatus   for   det., 
in  cement  mixture,  12n 
rapid  metlind  for  determining  in  ce- 
ment, 1212 
fluoride,  decomposition  of,  215 
method  for  fluorine,  216 
Calorie,  definition  of,  708 
Calorific  power  of  illuminating  gas,  1257 

of  fuel,  1222 
Calorimeter,   Emerson  bomb   (Fig.   105), 
for  coal,  Il.t.u,  det.,  1223 
Junker's  for  gaa  (Figs.  124,  125,  126), 

1257,  1258 
standardization,  1227 
Camoin's  test  for  sesame  oil,  1139 
Cajnpbetl,   A   chapter   on   soap   analysis, 

1153 
Candle-power,  def.  and  method  of  del.,  708 

of  illuminating  gas,  1256 
Canned  goods,  arsenic  deternii 


Carbide  of  silicon,  decomposition  of,  435 
Carbonic  acid,  free,  det.  of,  1059 
Carbolic  acid,  det.  of,  1D59 
Carbon,   detection   of   carbon   dioxide  in 
gas,  109 
carbonates,  109 
carbonic  acid  in  water   109 
carbon  monoxide  in  blood,  109 
estimation,  general  procedures: 

gravimetric,  dry  combustion  method, 
weighing  C0„  111,  118 
wet    oxidation    process,    weishiug 
CO,,  120 
volumetric, barium  hydroxide  melhoil, 
titration   of   carbonate   formed, 
127 
measurement    of    volume    of    CO, 
formed  (ref.),  127 
estimation,  special  procedures: 
in  black  pigments,  1190 
iu  coal  as  "fixed  carlntn,"  1222 
in  coal  tar  pitch,  1358 
in  iron  and  steel,  115-117,  123,  130, 
260,  261 
colorimetric  method,  128 
graphitic  carbon,  115 
organic  substances.  119,  120 
in  rubber  goods,  1367 


.  deter 
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Caoutchouc  in  lubricating  oil,  1121 
Capometer,  1235 
Capacity,  unit  table  of,  702 
Carbenes,  1318 


iireparation  of  sample,  alloys,  iron  and 

Eteel,  110 
separation  from  iron  and  steel,  cupric 

potassium  chloride  method,  110 
residue  test  of  lubricating  oils,  Cray's 
method,  1122 
Carbonate,  titration  of,  1059 
Carbonates    in    ores,   57,   101,    109,    110, 
121,  223,  247,  350 
determination  of  in  presence  of  other 
combineil  acids,  514 
Carbon    bisulphide.    See    Carbon   Di sul- 
phide. 
Carbon  dioside  combined  as  carbonate: 
rstimntion,    general    procedures    for. 
determination,  121 
gravimetric  determiuation   in   car- 
bonates,  121 
loss  of  weight  method.  124 
hydrometrie  method,  125 
volumetric,     measuring     the     gas 
evolved,  123 
estimation,  special  procedures: 
in  ammoniacHl  gas  liquors,  344 
in  balling  powder 
available  CO,,  124 
residual  CO^  123 
in  barium  ores,  07 
in  Wane  fixe,  1189 
in  cement,  84 

in  composite  white  paint,  HBO 
in  corroded  white  lead,  llSl 


INDEXJ 


free  in  guseous  tnixturea,  33S,  1242, 
1244,  1248,  1262 
Carbon     J  i  sulphide,     bromine     detection 
with,  92 
iodine  determination  with,  242 
purification  of  <(accJEi«.-?7,  75 
monoiide  in  blood,  lieleelion  of,  109^ 
in    KHseaus    mixtures,    determination 

of,  1083 
in    illuminating    gM,    determination 
of,  124S 
tetrachloride,  bromine  test  with,  92 
tubea,  for  colorimptric  determination  of 
carbon  in  steel  (FiR.  2r.},  129 
Carbonic  acid  free  in  water,  1429 

indicators,  1252 
Carbolic  acid,  analy.  of,  1059 
Carborundum,   silicon   carbide,   dccompo- 

Bilioii  of  for  silica  det.,  309 
Carius   method   for   halogens   in   organic 

matter,  145 
Carnot  'a  method,  modified,  for  determin- 
ing gold,  233 
Carnotite,  uranium  in,  582 
CnstoT  oil,  conHlants,  1147,  1148 
Caustic,  free  in  soap,  1155 
BtandBTd  solution,  1008 
Caustic  soda,  sodium  tartrate  m.  for  dis- 

tinguishiug  copiier  comiids.,  210 
Causticised  ash,  analjsis  ot,  1065 
Cement,  analysis  and  testing  of,  119S 
apparatus  for  testing,  Fairbanfc's  test- 
ing machine  (Fig.  100),  1204 
gang  mold  (Fig.  99),  1203 
Gilmore  needles  (Fig.  95),  1201 
he  Cbatelier's  sjieciflc  gravity  appa- 
ratus (Fig.  93),  1199 
Riehl^  automatic  cement  testing  ma- 
chine (Fig.  101),  1205 
Vieat  needle  (Fig.  94),  1200 
calcium  in,  105 
carbon  dioxide  in,  110 
mlxtnre,     calcium,     carbonate,     rapid 

method  for  determining,  1212 
normal    consistency,   determination   of, 

1200 
physical   testing,   1198 
Portland  cement,  analysis  of,  1206 
determination   of    alkalies,    alumina, 
iron,  insoluble  residue,  lime,  loss 
on     ignition,     magnesia,     silica, 
sulphur,   1206-12()fl 
rapid  method  of  analysis,  1127 
setting  time,  1201 
soundness   or   consistency    of   volume, 

1202 
■peeiflc  gravity,  1199 
tenaile  strengtb,  1203 
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Cements  in  bituminous  sub.,  1346 
Cement,  roclc,  analysis  of  (limestone,  lime, 
RosenUale  cement,  etc.),  1214 
table  of  composition,  1215 
Cerium,  detection  of,  spectroscopic  test, 
134 
estimation,  gravimetric  methods,  137 

volumetric  method,  138 
estimation  in  WeUbach  mantles,  138 
in  presence  of  rare  earths,  139 
industrial  application,  135 
occurrence  and  properties,  134,  135 
preparation  of  the  sample,  acid  extrac- 
tion. 136 
fusion  method,  136 
separation  of  the  rare  earths  from  iron, 
aluminum,  thorium,  136 
from  calcium  and  magnesium,  137 
of  the  rare  earths  from  one  another, 
137,  141 
table  of  compositions,  1215 
Chamber  burette  (Fig.  79),  1009 
Chancel's    method    for   determining   alu- 

Chapin's  method  for  boric  ,ncid  dot.,  87 

Chnrncter  of  copper  deposits  by  electro- 
lysis, 191 

Characteristics  of  some  animal  and  veg- 
etable oils,  1148,  1149 
of  some  fatly  acids  from  oils,  1147 
of  waxes,  1150 

Charcoal  in  explosives,  1373,  13B0,  13B1 

Chemical  tests  of  water,  1412 

Chili    saltpeter.     See    Nitrate    of    Sods 
under  Nitrogen,  349 

Chimney  flue  gases,  1252 

China  clay  paint  pigment,  1187 

Chinese  blue,  analysis  of,  1194 

Chinese  wood  oil,  analysis  of,  determin- 
ing acid  number,  iodine  numlier, 
sapon ideation  number,  specific  grav- 
ity, unsnponiflahle  matter,  refrac- 
tive index  heating  and  Jelly  tests, 
1169-1171 
wood  oil,  see  also  tung  oil. 

Chlorate,  test  for,  143 
determination  of,  152 

in  presence  of  perchlorates.  153 
removal  of,  in  sulphur  det..  497 

Chlorates  in  explosives,  1387 

Chloric   acid.     See  Chlorate. 

Chloride  and  cyanide,  del.  of,  154 

Chloride,  chlorate,  pcrchlorate  exam,  ot, 
1385,  1397 

Chloride,  cyanide,  thiocyanate  det.  of,  159 

Chloride,  detection  of,  142 

Chloride  in  gases,  150S 
in  soap,  1156 

Chlorides,   determination    of.     See   Chlo- 

method,  for  determining  silver,  440 
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Chlorine,  detection  of  free,  142 

couibtiiei]  chlorine,  chloride  bj  silver 

nitrate  test,  142 
test  in  [ireseuce  of  bromide  and  io- 
dide, 142 
test  in  presence  of  cyanate  and  cya- 
nide, thiocjanate,  142 
test  for  free  hydrochloric  acid,  142 
teat  for  chlorate,  chlorite,  hypochlo- 
rite, perc  hi  orate,  143 
estimation    of    combined    chlorine    as 
chloride,  general  methods: 
gravimetric  method  as  silver  chloride, 

148 
volumetric  methods,  silver  chromate 
method,  in  neutral  solution,  150 
silver  thiocyanate  method  in  acid 
solution,  149 
Chlorine,    estimation    of    combined    and 
free  chlorine,  s|iecial  cases; 
determination   combined   chlorine   in 
preseni'e  of  bromine  and  iodine 
(combined),  154 
in  presence  of  other  acids,  154 
in  bleaching  poirder,  155 
in  brimstone.  510 
in  bromine,  S7 
in  cement  copper  and  copper  ores, 

206 
in  organic  compounds,  145-146 
in  water,  1417,  1430 
in  £inc  oside,  11S.1 
determination  of  free  chlorine,  151 
in  hydrochloric  acid,  1013 
in  nitric  acid,  1024 
industrial  amiUcatiou  of  methods,  143 
occurrence,  14.1 

preparation  and  solution  of  the  sample, 
ores,  cinders,  roeka,  water  soluble 
and  insoluble  chlorides,  silver  chlo- 
ride, 144 
organic    matter,    decomposition     by 
Carius  method,  145 
decomposition   by   lime   method, 

146 
decomposition  by  sodium  perox- 
ide method,  146 
separation  from  iodine,  147 
from  cyanides,  thiocya nates,  130 
together  with  bromine  from  iodine, 

14S 
haliiies   from  the  heavy  metals,  147 
halides  from  otic  another,  147 
halides  from  sih-er  and  from  silver 
cyanide,    147,    155 
solubility  of  chlorine  and  its  salts,  143 
traces,  detection  of,  142 

determination.     See  Estimation,  Spe- 

Chlorine  free,  liberation  of  bromine  with. 
95 
method  for  decomposing  alloys,  10S2 


water,  decomposition   of   bydrobroiaie 

acid,  342 
Chlorojilatiuate   method   for   determining 
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Hicks'  modification,  411 
Chlorosul phonic  acid,  analysis  of,  1058 
Chromate,  detection  of   barium   with,  56 
method    for    determining     bailnm    as 

BaCrO.,  63 
volumetric    method    for     determining 

barium,  65 
method  for  ileiermining  chlorine,  150 
method  for  determining  lead,  274 
Chromic  acid,  determination  of,  in  pres- 
ence of  vanadic  acid,  593 
removal  of  from  nitric  acid,  342 
hydroxide,  precipitation  of,  159 
Chromite,  chromium  in,  164 
Chromium,      detection      of,      tests     with 
bariutn   acetate,   ether,   lead   acetate, 
mercurous   nitrate,   hydrogen    peroi- 
ide.  reducing  agents,  di phenyl  cart)a- 
eide,  150 
distinction  lietween  chromic  and  chrom- 

ous  salts,  156 
estimation,  general  procedures; 

gravimetric,  determination  as  barium 
chromate,  160 
as  the  oxide,  CrA,  159 
volumetric,     ferrous     sulphate     and 
permanganate  method,  161 
iodide  method,  161 
estimation,  special  procedures; 
determination  in  chromate,  1644 
in  green  pnint  pigments,  11B6 
in   orange   and   yellow   paint   pig- 
ments, 1195 
in  presence  of  vanadium,  593 
in  steel,  elect,  method,  1514 
in  steel,  rapid  method,  164 
traces   by    diphenylcarbatide,    16.1 
industrial  application  of  methods  for, 

156 
occurrence,  156 

preparation  and  solution  of  the  sample, 

refractory     materials,     materials 

high  in  silica,  chrome  iron  ores,  157 

iron  and  steel,  15S 

separations,   from    alumina   and    iron, 

158,  159 
solubility  of  the  metal,  157 
traces,  detection,  156 
estimation,  162-163 
Chromium   salts,   comparison   with   vana- 
dium salts,  5S3 
Cinchonine  method  for  det,  tungsten,  560 
Cinchonine  potassium  iodide  method  for 
determining  bismuth,  77 
reagent  for  tungsten  det.,  560 
Cinders,  chlorine  in,  144 


aark  and  Baker,  chapter  on  tin,525-536 
Clark's   modificatiDU   of   Mohr's   method 
for  antimory,  27 
method    for    separation    of    antimony 
from  tin,  22 
Classen,  deiiositioii  of  gold,  231 

and  Hem  method  for  determining  tin, 

536 
and  Seiss  method  for  determining  anti- 
nionj,  24 
Cleveland  eu|>  foe  flre  teat  of  lubricating 
oils,  1120 


buckwheat    coal,    typical    analyais    of, 

1226 
calculation  of  B.t.u.,  1225 
calorific  value,  determination  of.  1222 
calorimeter,  standardization  of,  1227 
composition  of,  1253 
Emerson  bomb  calorimeter,  1223 
flied  carbon,  determination  of,  1222 
fusibility  of  coal  ash,  1228 
Hoskins'  electric   furnace    (Fig.   107), 

1228 
moisture  determination  in  coal,  121S 
preparation  of  the  sample,  1216 
references,  1229 
Bampling  coal,  1216 
quartering  (Fig.  103),  1217 
tnrbidimetric  sulphur  table,  1220,  1221 
volatile  conibustibje  matter,  determina- 
tion of,  1218 
volatile  gulphur,  determination  of,  1219 
Cobalt,  detection  of,  general  procedure, 
166 
ammonium  sulphocyanale  test  for,  166 
dicyandiamiditie  sulphate  test  for,  166 
potas.-iluni  nitrite,  potnanium  sulpho- 
cynnato  tests,  166 
estimation,  general  procedures: 

gravimetric,  deposition  of  the  metal 
by  electrolysis,  170 
nltro-betn-naphtho!  method,  169 
potassium  nitrite  method,  160 
volumetric  method  for,  175 
estimation,  special  proceiliires: 
determination  in  cobalt  oiide,  171 
in  copper  (metallic),  172 
in  enamels,  173 
in  ferro-cobalt,  172 
in  lead  {metallic),  172 
In  metallic  cobalt,  172 
in  metallic  nickel.  172 
in  ores.  173 


EX  13 

preparation  and  solution  of  the  sample, 
metatlio   cobalt,  nickelj   and   co- 
balt  alloys,   cobalt   oiides,   ores 
coiitaiuinig  cobalt,  167 
separation  of  ammonium  sulphide  from 
the  by<lr0);en  sulphide  group,  168 
ammonium  sulphide  group  from  alka- 
line earths  and  alkalies,  169 
cobalt   and    nickel   from   manganese, 

168 
cobalt  from  nickel  and  from  zinc,  168 
Cohen    and    Inouye    app.    for    solubility 

det.,  1476 
Cold  test  for  lubricating  oils,  1119 
Color  in  butter,  detection  of.  1144 
Color  comparitor  or  camera  for  det.  car- 
bon in  steel  (Pig.  26),  129 
Color,   organic,   in   red    and    broirn   pis- 

ments,  1191 
Color  test  in  tur|«ntine,  1173 
Color  test  of  water,  1410 
Colorimeter  (Figs.  26a,  4.1,  69,  70),  165, 

283,  546,  548 
Color i metric  determination  of  aluminum. 


345 


I,  162 


of  copper,  197,  198,  19B 
Of  fluorine,  219 
of  gold,  233 
of  iron,  258,  25B,  611 
of  lead,  2S1 
of  manganese,  305 
of  tilauium,  545,  547,  550 
Colunibiuni.  detection  of,  575 
estimation,  procedure,  577 
occurrence,  475 

separation   from   antimony,  silica,  tin, 
tungsten,  577 
isolation  of  columbium  and  tantalum 
01  ides,  576 
Combination    methods,   silver   determina- 
tion, 447 
ConibinatiOKs  of  copper,  det.  of,  208 
Combined    sulphuric    acid    in    aluminum 
salts,  12 
in  cements,  1208 
in   sulphates.     See   chapter   on    Sul- 


hiiiged  type  (Fig  32<i),  206 
for  assaying,  460 
methwl  for  carbon  determinatioa,  112, 
261 
Commercial     aluminum     ores,     valuation 

of.  14 
Commercial  leleuium,  analysis  of,  328 


14  INE 

CoDstant  temperature  bath,  190 
Constanta  of  various  oila,  1147-1149, 1172 

of  waxes,  1150 
Container    for   gas    aomjilo    (Fig.    112), 

12^3 
Conversion    factors,    Baume    to    spec i fie 
gravity,  701 
of  compounds,  alphabcticnl  arrange- 
ment, 679 
Englcr,  Redwood,  and  Sa;tiolt  times 

— comparison,  1151 
temperature,  Centigrade   to  Fahren- 
heit, 700 
volume,  weight  and  energy,  712-713 
weights  and  measures  customary  and 
metric  syslema,  702 
Cooper-Hewitt  mercury  light   (Fig,  44), 


determination  of  copper  in  Blloyi 
and  metali,  brass  and  broDM, 
1084 

in  l.lue  vitriol,  207 

in  Britannia  metal.  1083 

in  German  silver,  1086 

in  gun  metal,  A.  S.  T.  M.,  lOSg 


metali 


■,  288 


;,  1003 
in  manganese  phosphorus  bronze, 

1087 
in  molybdenite,  -'!26 
in  re  lined  copper,  205 
in  Hose's  metal,  1081 
in  selenium,  commercial,  429 
In  steel,  — 


in  Wood'a  metal,  1081 
in  wutfenite,  327 
determination  in  water,  1433 
impurities  in  hiister  and  reBned copper: 
antimony,  arsenit 
lur' 


r,  aelenium,  imd  tel- 


;,  37,  202 
bismuth  and  iron,  20O 
cobalt,  lead,  nickel  and  zinc,  201 
oxygen  and  sulphur,  204 
phosphorus,  20S 

chlorine  in  cement  copper  and  co]>- 
per  ores,  206 
industrial  application  of  methods,  177 


177 


the 


antimony  traees  in,  32 
Copper    comb.,    distinction    of,    208-210 
Copper,  detection   of,  general   proeedure, 
hydrogen  sulphide  test,  flanie  test,  re- 
duction tests,  177 
«stimation,  general  procedures: 
gravimetric,  copper  oxide  method,  1 84 
cuprona  thiocyanate  method,  181, 

1B4 
eleetroljtie    methods,    preliminary 
remarks,  185 
rapid  methoiis,  187 
alow  methods.   189 
electrolysis  clTcct  of  iinpuritiea 
on, 191 
precautions  and  notes  on  pro- 
cedure, IBl 
removal  of  deposit,  101 
hydrogen  reduetloa  method,  205 
volumetric   methods,   potassium   cya- 
nide procedure,  194 
potassium  iodide  method,  193-195 

permanganate  method,  195 
Demorest's  mcDiod  for,  196 
Gerigue'a  method  for,  196 
Volhard's  method  for,  196 


preparation      and      solntion 

sample,  alloys,  east  iron,  etecl, 
matte,  slag,  iron  ores,  and  iron  ore 
briquettes  and  metals,  sulphide 
ores,  c0])per  glance,  cop|ier  pyrites, 
and  iron  pyrites,  178-181 
separations,  deposition  by  a  more  posi- 
tive metal,  183 
preeipitalion   as  copper  thiocyanate, 

ISl 
removal   of   members   of   subsequent 

gronps,  183 
removal    of   arsenic,    antimony,   bis- 
muth, lead,  silver,  tin,  183 
removal  of  cadmiurn,  184,  1081 
solubility  of  the  metal,  178 
special  procedures.     See  Eatimation. 
traces,   color imetric   methods    for    de- 
termining, 197-199 
ammonia  method,  198 
hydrogen  sulphiile  method,  199 
ferrocyanide  method,  198 
potassium  etbyl  xanthate  method,  197 
Copper  pyrites,  179 

sulpbnte   for   determining   hydrocyanic 

acid,  130 
standard    solutions    (see    also    "reag- 
ents"), 193,  194,  198 
Copper  sulphate  treatment  of  water,  1452 
Copper,     matte,     sing,     iron     ores,     and 
Corn  oil,  constants,  1148 
Corrosion,    acid    waters,    e.i'culntion    of, 

14.19 
Cottonseed  oil,  test  for  (see  Oils),  1136 
Coulomb,  deGnition  of,  708 
Coye,  J.  S.,  elpctrometrie  methods,  1545 
Craig's     method,     modified,     for     basic 
alumina  or  free  acid  in  alnminum 
salts,  12 
Crank  case  oil,  constants,  1145 
Crowford-Lenher  colorimetric  method  for 

titanium,  S50 
Crook's  select  methods  of  analysis  (ref- 


Crushers  and  grinders,  1499-1503 
Culture  media  tor  water  bacteria,  1456 
Cupferron  method  for  iron,  250 
Cunric-iiotassium-ebloride  reagent,  prepa- 

TBlioii  of,  111 
CuprO'VaDadium,  596 
Cuprous  chloride,  ammoniatrat  ani]   aend, 
preparation  for  gas  analysis,  1278 
-sulphocyanate  method  for  determining 
copper,  181,  184 
Cyanide  pri>cess  for  tin  ores,  526 
Cyanide,  silver  determination  as,  441 
volumetric  determination  of  silver,  447 
separation   from  cljloriJe  and  thiocya- 
nate,  154 
Cyanide,  Liebig's  method  for  det.,  131 

Volhard's  method  for  det.,  1S2 
Cyanide  and  Ihiocyanate,  det.  of,  132 
Cyanogen,  detection  of,  131 
Cylinder  oil,  constants,  1145 

Davisson's  scrubber- ammonia  distill.,  351 

Definitions  of  spccinl  terms,  7U8 
.  Dejj  weighing  tube  (Fig.  81),  1010 

Demorest's  melhoii  for  det.  copper,  196 

DenigM  and  Chelle  hromine  test,  92 

Deuig^'  cyanide  method  for  determining 
silver,  447 

Derby,  chapter  on  asnajing,  451 
chapter  on  gold,  228 
chapter  on  silver,  439 
and  Seott,  chapter  on  copper,  177 

Deshey's  method  for  manganese  in  steel, 
263 

Detection,    See  andcr  name  of  element 
sought. 

Detonators,  electric,  analysis  of,  1396 

Devarda   apuratuEi   for    determining  ni' 
trates  (Pig.  51),  ri47 

Devarda 's   method,    modified    determina- 
tion of  nitrBt>;s  by,  346 

Diazo  reaction,  1.12^ 

Diehromale  of  potassium  method  for  iron, 
232 


166 

Dietz  and  Margosches  method  for  deter- 
mining iodine,  241 
Diluting  mixtures,  formule  for,  1045 
Dimethyl  glyoiime  method  for  nickel,  333 

test  for  nickel,  :129 
Dioxide  of  manganese,  scjiaration  of  by 

means  of  bromine,  299 
Diphenylamine  in  smokeless  powder,  1405 
Diphenylamine  lest  for  nitrates,  338 
Dipbenyl    earbazide    test    for    chromium 
(ebromate),  1-76 
detenrinolion  of  chromium,  163 
preparation  of,  163 
Diphenyl-endo-anilo-hydro-triazole     (ni- 
tron) method  for  nitrate*,  342,  345 


DiBtillatiou  of  arsenous  chloride,  38 
method  for  se|iarating  selenium  and  tel- 
lurium, 423 
method  for  det.  ethvl  alcohol,  1521 
test  for  oils,  1111 

Distinetion  of  copper  compounds,  208 

Dittrich,  small  amounts  of  chromium.  162 

Dividing  pipette  (Pigs.  30  and  42),  190, 
271 

Doerflinger   and   Scott,   chapter   on   chlo- 
rine, 142 

Dolomites,  105,  110 

Dole,  field  assay  of  water,  1441 

Donnan    and   White   app.    for    solubility 
det.,  1475 

Dow's  ductility  teat  for  bituminous  sub., 
1302 

Dowsetl'a  factory  test  for  gold,  234 

Drushe!,  W.  A.,  Elaton,  C.  M.,  on  sulphur 
det.,  520 

Drying  oils,  list  of,  1146 

Drying  teat  of  oils,  1141 

Duboscq  colorimeter,  165 

Du.Pont's  nitrometer,  354,  355 

Dupre's  method  for  iodine,  modified,  243 

Dust,  determination  of  in  gas,  1256 

Dynamite,  analysis  of.  1374 

Dyne,  definition  of,  709 

Earl  of  Berlteley  solubility  app.,  1472 
Ebonite  in  rublier,  1367 
Bdgar  's  method  of  reduction  of  vanadium 
with  sulphur  dioxide,  321 
volumetric  determination  of  vanadium, 
arsenic  or  antimony,  in   jires- 
ence  of  one  another,  592 
of  vanadium  and  molybdenum,  in 
presence  of   one  another,  591 
of  vanadium  and  chromium  acids, 
in  jiresence  of  one  another,  593 
Edible  fats  (see  Oils),  1143 
Eggertz's  method    for  carbon  in  steel, 

1.10 
Elaidin  test  for  oils,  1126 
Electric  Heating  Apparatus  Co,,  furnace, 

hinged  design,  206 
Electricity,  units  of,  708 
Electrolyte,  lest  for  copper  in,  after  elec- 
trolysis, 191 
Electrolytic  determination  of  antimony,  24 
bismuth,  76 
cadmium,  102 
cobalt,  170 
coi>per.  185 
gold,  122 
lead,  276 
mercury.  310 
nickel,  3,35 
plat 


silve 


441 


tin,  536 


Electro  Metallurgical  Co.  Methods,  280- 

2S2,  322 
EJectromelric'lel,  ap]).,  IG44,  1547 
methods  of  anolysia,  1541-1553 
met  had  for  chromium  in  steel,  1550 
for  manganese  in  steel,  1553 
for  vanadium  in  steel,  1552 
Electromotive  forec,  definition  of,  708 

series  of  elements,  table  of,  C59 
Elliott  apparatus  for  cas  analysis   (Fls. 

121),  1344 
Emerson's  calorimeter,  1223 
Emulsions,  bituminous,  1340 
Enamel,  cobalt  determination  in,  173 
Engine  oil,  constants,  1145 
Engler's  method,  dist.  test  of  oil,  1111 

Tiscosimeter,  1114 
Esgler  and  Haase  on  flash  test  of  oil, 

llOB 
Erg,  deSnitlon  of,  708 
Erbium,  134,  135 

Errors,  causes  of  in  silica  determination, 
432 

in  detcrmininft  the  alkaline  earths,  57 
Esehha's  method  for  sulphur  in  cost,  495 
Esters  in  alcohol,  1524 
Etching  test  for  fluorine  (Pig.  33),  212 
Ether-aleobol,  1400,  1405 
Ether,  chromium  detection  hj,  156 
Ether  method   for  separating  iron  from 

sol:,  248 
Ethyl  acetate  test  for  olcohol,  1521 

alcohol  analysis,  1521 
Evaluation  of  bauxite,  15 

of  fluorspar.  222 
Evaporation  test  of  lubricating  oils,  1117 
Evolution  apparatus  for  sulphur  deter- 
mination (Fift:  64),  1143 

method  for  antimonv,  2S 

method  for  sulphur,  500 
Exit  gases,  sulphur  dioxide  in,  1266 
Eiplosifes,  analysis  of,  1372-1407 

ammonia  dynamite,  1379 

ammonia  picrate,  1303 

black  povder,  1372 

blasting  caps  and  detonators,  1396 

gelatine  dynamite,  1380 

low  freezing  dynamite,  1381 

mercury  fulminate,  1395 

nitrocellulose,  1399 

nitrophlorhydrin,  1383 

nitroglycerin-dynamite,  1374 

nitroglycerin  smokeless  powders,  1407 

nitropoly  glycerin,  1383 

nitrostarch,  13S9 

uitrosugars,  1-383 

njtrotoluenes,  13SI 

"permissible"  explosives,  1384 

picric  acid,  1392 

primers,  1398 

smokeless  powder.  1404 

straight  dynamite,  1374 


tetryl,  1394 
trinitrotoluene,  1391 
Explosive  ingredients  in, 

ash  in,  1378,   1389,   1392,   1394,  1395, 

1401 
chlorates  in,  1372,  1387 
chlorides  in,  1396 
diphenyiamine  in    1405 
gum  arable  in,  1385,  1388 
insoluble  matter,  1378, 1389, 1390,  1393, 

1 394    1 395 
nitrates  in,  1373,  1377,  1387,  1390 
nitrogen   in,  1373,   1377,    1380,   1387, 

1390,  1393,  1402,  1400 
resins  in,  1377 
solids  in,  separation  of,  1385 
starch  in,  1378 
sugar  ill,  1388 
sulphur  in,  1373,  1377 
Explosives,  tests  and  sundries, 
extraction  with  acetone,  1395, 1401, 1405 
extraction  with  aeid,  1378,  1388 
extraction  with  ether,  1375,  1376,  1387, 

1389,  1400,  1405 
extraction  with  water,  1377,  1387,  1390 
melting  point  det.,  1394 
moisture    in,    1372,    1.375,    1381,    1386, 

1389,  1392,  1393,  1394,  1396,  1404, 

1405 
pot.  iodide-starcb  test  for  nitrocellulose, 

1401 
sampling   of,   1372,   1374,    1380,    1395, 

1396,  1398,  1399 
solidification  point  det.,  1391,  1.392 
stability  tests,  1401,  1403,  1405 
surveillance  test,  1406 
Extraction  of  aluminum  ores — evaluation 
of,  14 

Fabrics,  separated,  examination  of,  1344 

Factors,  conversion,  085,  700.  See  also 
"  Tables"  in  index. 

Fairbanks  cement  testing  machine,  1204 

Fairbanks  and  Oooch  method  for  molyb- 
denum, 318 

Fats   (see  under  Oils),  1143 

Fatty  acids,  tahio  of,  1147 

Fatty   oils,   tost   for   in   lubricating  oils, 

Feblings  solntiou,  1159,  1185,  1188 
Ferherite,  analysis  of,  1564 
Ferguson 's  colorimetric  method   for  bis- 
muth. 77 
elect  rolytie    method    for    copper,    189, 

203 
tables  of  properties,  seo  Part  II,  Vol.  I 
Ferric-alum  method  for  det.  phosphorus, 

1105 
Ferric  chloride  oxidation  of  organic  m.. 


Ferric  iron  in  alutainum  salt,  12 

iron,  determinatiOD  with  stannous  chlo- 
ride. 257 
oxide,  determination  of  iron  as,  249 
oxide,  in  sine  oxide,  1185 
Baits,  defompoaition  of  iodides  with,241 
salt,  titanium  determination  with,  543, 


544 


I  of 


determination   of   titanium   in,  volu- 
metric method,  544 
determination   of  titanium   in   steel, 
547 
Ferrocyanide     solution,     standardization 
of,  flOO,  602 
method   for  determinatioQ  of  copper, 


(or  lead,  276 
for  line,  600-6 


Perrosilii 

Ferrous  iron  in  aluminum,  12 

reduction  of  chlorates,  152 

of  chromales,  156 
test  for  plaitinum,  377 
test  for  palladium,  3S5 
■alts   for   reduction,   ehromium   deter- 
mination, 161 
sulphate  method  for  determining  nitric 
acid,  1024 
preparation  of  reagents,  1026,  1027, 
1028 
Ferrous  sulphate  method  for  nitric  acid, 
1024 
procedure    for    determining    persol- 

phates,  60S 
teat  for  nitrates,  33g 
Ferra-tungRteD  alloys,  557 
typical  analysis  of,  555 
Ferro-vanadium,  det.  vanadium  in,  594 
method    by   American   Vanadium    Co., 
474,  594 
Fertilisna,  mixed,  404 
nitrogen  in,  3S9 
organic  compounds,  405 
phosphate  in,  363 
polRlh  salts  in,  404 
Fiber.    See  under  bituminous  enb. 
Field  assay  of  water,  1441 
Fillers  and  modifiers  of  rubber,  1359 

organic  in  rubber  goods,  1357 
Fineness  in  cement  testing,  1198 
Finn's  method  of  basicity  of  white  lead, 

1163 
Fire  test  of  lubrioating  oils,  1120 
Fitipatriclt  on  antimonv.  29 
Fixed  csrbon  in  coal.  1222 
FUed  oils,  fats  and  waxes  (see  Oils,  Fats, 
and  Waxes),  1108 


EX  17 

Fixed  oils  and  resins  in  varnish,  1174 
Flame,  coloratiou  of,  by  barium,  50 
boron,  93 
calcium,  104 
copper,  177 
potassium,  sodium,  caesium,  lithium, 

and  rubidium,  401,  402 
strontium,  4S9 
lempcrnture  of,  see  table,  658 
Flash  test  or  point  of  burning  oils,  llOS 
of  lubricating  oils,  1119 
varnish,  1174 
Fleming's  gns  absorption  bulb,  114 
Fleming's  method  fo'r  carbon  in  steel,  112 
Flint  and  Browning's  method  for  deter- 
mining tellurium,  427 
Flowers  of  sulphur  in  rubber,  1359,  1366 

see  also  brimstone,  1361 
Flue  gases,  1352 
Fluid  measure,  table  of,  703 
Fluoride  of  potassium  reagent,  12 
Fluoride  of  sodium,  cvalunlion  of,  deter- 
mining sodium  fluoride,  sodium  sul- 
phate,  solium   thionulphste,   sodium 
chloride,  silica,  volatile  matter,  water, 
223 
Fluorides,  effect  on  aluminum  precipita- 
tion, S 
silica  determination  in  presence  of,  434 
FInorine,  detection  of.  etching,  black  fit- 
ter and  hanging  drop  testa,  212,  213 
estimation,   gravimetric,   calcium   fluo- 
ride method.  216 
lead  chlorofluoride  method,  217 
volumetric      methods,      rolorimetrie 
method  of  Steiger,  219 
ferric  chloride  method.  219 
silicon   tetrnfluoride    method.    Offer- 
man's,  218 


fluoride,  hydrofluoric  acid,  organic 
substances,    siliceious    ores    and 
slags,  soluble  flourides,  fluorspar, 
214,  215 
aepamlion.    from    boric,    hydrochloric, 
phosphoric  acids,  216 
from  silica,  215 
solubility  of  salts,  216 
standard  solutions,  220 
traces,  determination  of.  224 
Fluorine  In  barium  ores,  6S 
Fluorspar,  valuation  of,  determining  cal- 
cium carbonate,  calcium  fluoride  and 
silica,  215.  222 
Fluosilicic  ncjd.  precipitation  of  barium 

with,  .56 
Foaming  and  priming  of  water,  1439 
Pood^  arsenic  in.  .51 
Foot -can  die,  definition  of.  709 
Foot-pound,  definition  of,  709 
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Foots  in  linseed  oil,  1165 
Formaldehyde,  detection  and  eBtimation 

of,  1532 
Formic  acid,  analj'sis  of,  1054 
in  Boetic  ncid,  1055 
teat  for  iridium,  3S2 
test  for  palladium,  385 
teat  for  platinum,  377 
test  for  rhodium,  390 
Formula 

fnr  determining  arena,  70.1 
for  diluting  mixtureA,  1045 
•      for  gas  velocities,  707 

fluorine  determination,  Merwin's  S22 
heat  value  of  cool,  1225 

of  gna,  1259 
iodine  vnlue  for  SO,,  Rcicli  teat,  12bu 
lime  and  aoda  value  in  water  analysis, 

1437 
reduetion  of  volume  of  gna  to  standard 
volume,  1265 
Forrest's  eitraction  of  bit.  matter,  1330- 

1331 
Free  aeid  in  aluminum  salts,  12-13 
in  prpBeoee  of  iron  salts,  10.i3 
test  in  oils,  1140 
Freezing  and  boiling  pt.  curves  fO"  HjBO,, 

1036 
French,  chapter  on  water  analysis,  1409 
Freseniua,  sopariition  of  magnesium  and 
theslkniips  (ref.).  407 
method  for  soparaling  barium,  calcium, 

and  strontium,  61 
method  for  determining  iodine,  242 
and  Popp,  boric  acid  in  meat,  83 
Friction  test  of  lubricating  oils,  1123 
Friedrich  's    apiral    gas    washing    bottle 

{Pig.  116),  1237 
Fuel  gases,  ISiiS 
Fuels,     See  coal 
Fuming  sulphuric  acid,   anal;,   of,   1041 

e<|uivalent  (table),  1051 
Furfurnl  in  acetic  acid,  1055,  1058 

in  alcohol,  l.'i24 
Furnace  methods  of  assaying.  451 
Fusel  oil  in  ethyl  alcohol.  1524 
Fusibility  of  coal,  1228 
Fusion  method  for  arsenic  ores,  35 
Fusion  method  for  decomposition  of  rare 
earth  ores,  13S 
for  ores  with  selcninm  nnd  tellurium, 

for  potassium  bisolpbate,  4 

for  sodium  carbonate,  4 

for  sulphur  ores,  405 

for  titanium  ores,  540 

for  tungsten  minerals,  555 
of  ores  n-ilh  sodium  liydroxide,  20 
with  sodium  and  potassium  carbonate, 

248 


Gallon,  grains  per  U.  S.,  1431 
Gang  mold  for  cement  (Fig.  99),  1203 
Gardner  and  Schaeffer,  chapter  on  analy- 
sis of  paints,  1161,  1197 
Oas,  analysis,  1231-1286 
apparatus,  absorption  bulbs,  pipettes, 
tubes,  1267 
measurement  of  large  quantities  of 
gas: 
anemometer,     capometer.     orifice 
meter,  Pitot  tut>e,  rotameter, 
Tbouiaa    electric    meter,    iret 
meter,  1233,  1236 
measurement  of  small  quantities  of 
g»s: 
Hempcl's   gas  burette,  aeparatorj 
funnel  and  graduate,  1236 
Gas,  apparatus,  analytical,  Elliott's  appa- 
ratus, 1244 
Hempcl's,  1245 
Orsat's,  1241 

Orsal    modified    by    Brigga    and 
Scott,      80,       determinatioD, 
1267 
sampling  tubes,  pumps,  containerB, 
1231-1233 
application   and   interpretation  of   re- 
sults, 1252 
examination    of    gases,    detection    of, 
tables  of,  1238-1240 
gases  aljsortwd  by  silver  nitrate, 
1239 
by  sulphuric  acid.  1238 
by  potasRium  hydroxide,  1239 
unabsorbed,  1240 
acetylene,  del,  oxygen,  hydrogen,  me- 
thane, nitrogen,  sulphur-contain- 
ing gases,  phosphoric,  1271 
air,    moisture,    carbon   dioxide,   bac- 
teria,   carbon   monoxide,    oione, - 
1273 
sulphur  dioxide  in,  12S3 
chimney   and   flue   gases,   carbon   di- 
oxide,    indicators,     temperatnro 
determination  of,  1252,  1253 
electrolytic   gaa,   chlorine   and   other 

gases,  1271 
illnminating  gns.  1247 
ammonia  in,  1261 
calorific  value  of,  1257 
candle-power  of.  1258 
carbon  dioiide  in,  1262 
illuminnnts  and  osygen  in,  1248 
methane   and    hydrogen   in.   Hem- 
pet  's    and     Hinman  'a    methods, 
1248,  1249 
napthnlene  in,  1262 
nitrogen  in,  1250 
specific  gravity  of,  1262 
sulphur   and   H^   in,    1260,    1261 


Gas,  IHmninatiiig — 
tar  in,  1264 
mine  gases,  carbon  dioxide  in,  ISTO 
moisture  in  gases,  1275 
nitrogen  in  gasea,  nitrometer  method, 

1276 
producer,  fuel  blast  furnace  gnses,  12Q6 

dust  determination  in,  1S56 
sulphuric  aeld  gases,  hnrner  gases,  1284 
arsenic  in,  1505 
chloride  in,  1505 
dost   in,   1502 
nitrogen  oxide  in,  ISTO 
•olubilitj  of,  in  liquids,  1487 
Bulphurie  aeid  mist  in,  1504 
Hulphur  dioxide  in  exit  gases,  1266 
in  inlet  gases,  1267 
Tyndall  test  of,  1286 
general  procedure   with   apeeial   appa- 
ratus: 
Elliott,     determination     of     carbon 
monoxide,   carbon   dioxide,   oxy- 
gen, 1244,  1245 
Hem  pel,  determination  of  oxygon  b; 
hydrogen  combuBlion,  1247 
by  phosphorus  method,  1246 
by    pyrogallate    of    polassinm, 
1246 
innminnting  gas,  1246 
Junker's  colorimeter,  1257 
Orsat,  determination  of  carbon  mon- 
oxide,   carbon    dioxide,    hydro- 
carbons, oiygen,  1241,  1243 
tables,  1280.  1282 
Gms  velocity  by  Petot  formula  for,  707 
Qaa  volumes,  eonversion   formulie,  707 
Oaaoline  test  for  lubricating  oils,  1222 
Gay-Lussae  apparatus  {Fig.  59),  for  sil- 
ver determination,  445 
method  for  determining  silver.  443 
Oeisaler  absorption  bulb  for  carbon  di- 

oxlds  determination,  112 
Gelatine  dynamite,  analysis  of,  1380 
General  methods  of  sampling,  see  samp- 
ling, 1491 
Generator  for  det.  traces  of  antimony,  20 
Oerbardt  abaorption  bulb  for  carlKin  di- 
oxide determination,  112 
Oerigue's  method  for  copper,  196 
German  silver,   analysis   of,   determining 
copper,  lead,  arsenic,  antimony,  and 
tin,  iron,  nieliel,  zinc,  1085 
Oibb'a  method   for   determining   manga- 


)EX  19 

on  use  of  sodium  pyrogallate  (note  1), 
oxygen  in  gas,' 1246 
Oilmore'a  needles  (Fig.  05),  1201 
Glucinum,  detection  of,  223 

estimation,  gravimetric  method,  226 
occurrence,  225 

separation  from  alnminuni,  chromium, 
iron,    manganese,    zirconium,    and 
yttrium,  226 
Glycerol,  boric  acid  titration  in,  86,  87 

determination  of,  1533 
Glyoxime — see  dimethyl  glyoxime 
Gold  detection  of  in  alloys,  228     _  - 

benzidine  acetate  test,  229 
phenylhydrazine  acetate  test,  229 
teat  for  in  minerals,  228 
estimation,  general  procednrea: 
gravimetric,  electrolytic  method,  230 

wet  assay  of  minerals,  230 
volumetric  methods: 

eolorimetrie  method,  233 

procedures    of     Cassell,    Uoir, 
Prister,  233 
iodide  method,  232 
Lenher's  method,  231 
permanganate  method,  231 
preparation  of  proof  gold,  234 
solnbility,  22B 
Gold  bar,  platinum  and  palladium  in,  396, 

398 
Goldenberg's    method    for    det.    tartaric 

acid,  1061 
Qooch   method   for   determining   lithium, 
414 
for   determining  titanium,   roodifled, 
541 
and   Blake 'a   method   for   determining 

bromates,  96 
and  Bosnorth  's  method  for  determin- 
ing silver,  448 
and    !Gnsiger,    separation    of    bromine 

from  iodine,  94 
and   Fairbank's   method   for  molybde- 
num, 318 
and  Oruener  method  for  det.  nitrate, 

352 
and  Jones,  method  for  boron,  8S 
Oooch  crucible,  preparation  of,  710 
Graphite,  carbon  determination  in,  130 
determination  of.  in  crude  mineral,  130 
in    iron    and   steel,   determination   of. 
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m,  determina- 


Gill,    chapter    on    fixed    oils, 

waxes,  1108,  1153 
chapter  ou  analysis  of  gas,  1231^1282 
earboD  monoxide  in  atmoapheric  air 

1273 

219 


Graphitic  silicon  i: 
tion  of,  17 
fats    and      Gravimetric  methods.    See  under  element 


Gravity.    See  specific  gravity 
Gray 'a  method,  carbon  residue  test  in  oil, 
1122 

distillation  fiaak  (Fig.  01),  1122 
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Greenwood,  H,  D.,  selenium   and  teleu- 

rium,  420-428 
Gregory,  test  for  silver,  439 
Grinders  and  crushers,  14!)9~1503 
GrSger,   deeoni position   of  chromic  o»ide 
(note),  158 
chromium  determination  (note),  161 
Gum  arable  in  explosives,  136S 

teat  for,  1385 
Gun  metal,'  analysis  of,  by  A,  S.  T.  M 

1008-1106 
Gnmmin(f  teat  in  lubricatinK  oils,  1121 
Guttapercha  and  Balata,  analy.,  1369 
Gutbier   and    Hiiller,    method    for   zirco- 
nium. 521 
Gutzeit  nppnmlus,  arsenic  determination 
<FiK.  6),  46 
method  for  determining;  arsenic,  modi- 
fied, 52 
Gryory  'h   method   for   determining   anti- 
mony. 25 
Gypsum;  105 

Hale,  F.  E.,  chapter  on  methods  for  anal- 
ysis of  coal,  1216 
soap  test  for  hardness  in  water,  1436 
starch,  preparation  of.  1432 
water  analy.,  sanitary,  1442-1453 
bacteriological,  1454-1468 
Halogens,  separation   and   determination 

in  presence  of  one  another,  155 
Halpen'a  test  for  cottonseed  oil.  1136 
Halphen's  test  for  cottonseed  oil,  1136 
Handy 's  volumetric   method   for   mngne- 

Biuni,  294 
Banfring  drop  test  for  fluorine.  213 
Hanas's    method   for    iodine   numt>er   of 

oils,  1128 
Hanus  solution,  1167 
Hardened   oils   (see   Oils,   Fata,  Waica), 

1145 
Hard,  lead,  antimony,  25 

decomposition  of,  21,  25 
Hardness,    detenu  in  at  ion    of,    in    water, 

1433 
Heat  deflnitiona,  708 
Heat  passing  up  chimnev,  calculation  of, 

1253 
Heat  test  for  oils,  1123 
Heath,  permanent  copper  standard  solu- 
tion (ref.),  199 
Heath's    solenoid,    rapid    deposition    of 
copper  by,  187 
of  paint  vehicles   (Chineae  wood  oil), 
1170  .     . 

Hehner's  test  for  formaldehyde,  1532 
Helium  in  the  atmosphere,  338 
Hempel  apparatus,  1245 

gas  burette  {Fig.  122),  1236 

method   for  determining  mcth»Ro  and 


hydrogen,  1249 
apparatus  description  (Figs.  122, 123), 
1245,  1247 
Henrique 's    method    in    rubber    analvsiL 

1365 
Henz  and  Cbaaen  method  for  tin,  538 
Herig  automatic  device  for  burette,  1009 
Herschei  's  demuaibility  test  for  oils,  1123 
Herling,  volumetric  method  for  tungsten, 

563 
Hesse's  method  for  carbon  dioxide  in  sx- 

moapheric  air  (Fig.  132),  1272 
Hexabromido  test  for  linseed  oiI,~1137 
Hickman,  chapter  on  platinum  and  plati- 
num group,  376 
Hicks,  chapter  on  potasaium,  sodium,  anu 
other  alkalies,  401 
chloroplatinnte  method  for  polossinm, 
411 

Hildebrand  on  Portland  cement  analysis, 

1208 
Hillcbrand,  alkalies  (ref.),  416 
on  Portland  cement  analysis,  1208 
on  silica  determination  (ref.),  436 
uranium  det.,  583 
Hinman's   method   for   determining   me- 
thane and  hydrogen,  1248 
and  Jenkins,  sulphur  apparatus   (Fig. 

127).  1260 
volumetric  method  for  sulphur,  506 
Hintz   and   Weber  on   sulphur  procipith 


Holdc. 


.,  497 
caoutchous 


Inhric-iting    oils. 


Holladay,  J.  A.,  on  molybdenum  det.,  313, 
320,  322 
on  tungsten  det.,  554,  560 

Holloway-Eschka    process    for   determin- 
ing mercury,  311 

Holstein,  L.  S,,  on  cadmium  analy.,  99 

Hommel's  process  for  separating  molyb- 
denum and  tungsten,  558 

Itooper  'a     method      for      treatment      of 
apeisaes.  slags,  mattes,  etc.,  20 

Horae  power,  definition  of,  709 

Hoskins'    electric    furnace     (Fig.    107), 


Hiibl  'a    method    for    iodine    number    in 

oils,  1129 
Hilliner's  method  for  estim.  rubber,  1367 
Hiiller  and  Gulbier  method  for  zi 


Humidity  charts,  air.  1288a,  1288b 
Hydrazine     isulphate,     decomposition 
nitrons  acid,  342 
reduction  of  chromic  acid,  342 


Hjdriodic  acid,  removal  of  from  nitric 

airid,  342 
Hydrobromic     acid,     removal     of     from 

nitric  acid,  342 
Hydrocarbons  in  gas  analysia,  1243 

in  illuminating  gaa,  124S 
Hydrochloric  acid,  detection  of  free,  142 
eatimation,    gravimetric    metliods    for, 
148 
volumetric  methods,  149,  1013 
in  presence   of   chloric   and   perchloric 

acids,  153 
impurities  in,  arsenic,  35,  50,  1014 
barium  chloride  in,  1014 
chlorine,  free,  in,  1013 
nitric  nfid  nnd  nitrntes  in,  1013 
Hilica  nnd  totnl  solids  in,  1014 
sulphuric  arid  nnd  sulphates  in  1014 
preparnticn  of  orBcnic-free  acid   (Pig. 

5),  48 
reduction  of  aelenic  and  telurio  acids, 

427 
in  acetic  acid,  1057 
in  amnioniacal  liquors,  344 
basic  or  free  in  bichloride  of  tin,  530 
■  table,  sp.  j{r.,  1016 
test  for  iron,  246 
test  for  lead,  271 
test  for  mercury,  308 
test  for  selenium,  421 
test  for  tellurium,  421 
Hydrochloric  acid,  analysis  of,  1013 
free,  det.  of,  154 
in  sulphuric  acid,  1040 
standard  solution,  1007 
Hydrocyanic  neid,  volumetric  delermina- 

Hydrofluoric  acid,  analysis  of,  lOlEP 
gravimelrie  estimation,  preparation  of 

samples  for,  215 
hydrofluosilicic  acid  in,  1019 
sulphuric  acid  in,  1019 
sulphurous  ncid  in,  1019 
decomposition  of  rare  earth  ores  with, 
136 


1019 
Hydrogen    chloride    gas,    generation    of 

(note),  10 
Hydrogen   eombuslion    method    for    det. 
oxygen,  1247 
determination  in  gas.  1248,  1249 
in  the  atmosphere,  338 
generator,  1278 

reduction  method  for  copper,  205 
reduction  of  rhodium  salts,  .192 
reduction  of  tin  ore-.,  527 
Hydrogen   peroxide,   chromium   detection 
by,  156 
method  for  formaldehyde,  153S 
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method  for  iodine,  243 

method  for  titanium,  545 

method  for  delecting  vanadium,  583 

test  for  thorium,  522,  524 

-phosphoric  acid  method  for  decom- 
posing iodides,  243 
Hydrogen  peroiidc,  det.  of,  1539-1540 
Hydrogen  sulphide,  evolution  method,  503 

estimation  of,  509 

in  ammonincal  liquors,  345 

in  gas,  1261 

in  water,  1431 

group,  separation  of,  168,  292,  405 

method  for  det.  iron,  611 

precipitation  of  niolvbdcnum,  317 

reduction  of  ehromfltes,  156 

reduction  of  ferric  solutions,  251 

test  for  copper. 


t  for  ii 


I,  383 


test  for  nicki'l,  329 
te.<t  for  palladium,  385 
test  for  platinum,  376 
test  for  rhodium,  392 
test  for  ruthenium,  389 
test  for  selenium,  421 
test  for  tellurium,  421 
test  for  vanadium,  583 
Hydrolysis  of  aluminum  salt  with  am- 

with  thiosulphate,  9 

method  for  tin,  528 
Hydrometer,  Fig.  80a,  1014 
Hydrometer  for  specific  gravity  of  oils, 

nil 

Hydrometer  method   for  CO,  det.,  125 

sp.  gr.  of  bituminous  sub.,  1295 
HydroBulphite  of  sodium,  det.  of,  516 
Hydroxide    of    aluminum,    precipitation, 
7,  9 

effect  of  boiling,  8 

of  bismuth,  precipitation  of,  74 

of  sodium  and  potassium,  1062-1066 

hydroxylamine  hvdrochloride,  1427 

table,  1068 
Hypochlorite,  test  for,  143 

in  presence  of  CI,  151 
Hypnchlorous  ncid,  detection  of,  143 

detcrminntion  of,  151 
Hvpophosphorous  acid,  test  for,  362 
Hydroiylamine,  det.  of,  352 

Ignition    toss    in    asbestine,    china    clay, 
silica,  silex,  1187 
in  gypsum,  plaster  of  Paris,  1188 
in  hari'tes  and  hlnnc  flxe.  1188 
Tlluminnnts  in  gas  analysis,  124ft 
Illuminating  gas,  analysis  of,  1247,  1256 
Impurities.      See    complete    analysis    of 
Bubetancea  ifk  qgestion. 


Impurities  suspended  in  gal,  teit  for,  1554 
Incrusting  solids  in  water,  1421 
Indicators,  table  of,  1003-1004 
Indigo  sol.  titration  of  bydrosulphite,  516 
Indirect  nictbod  for  determining  sodiam 

and  polBssium,  413 
Inlet  gaaefl,  salphur  dioxide  in,  1267 
Insecticides,  water-soluble  arsenic  in,  3Q 
Insoluble  matter  in  asbestine,  china  clay, 
silica,  silex,  1167 
in  composite  white  p^nt,  I1S9 
in  orange  and  jellow  pigments,  1195 
residue  in  Portland  cement,  1209 
in  sodium  fluoride,  224 
in  sodium  nitrate,  349 
in  zinc  oxide,  11S4 
barium  sulphate  in,  57,  62 
Interpretation  of  results  in  gas  analfsifl, 
12S2 
in  mineral  analysis  of  water,  1438 
in  sanitarj  analysis  of  water,  1419 
lodate,  determination  of,  244 

and  periodate  in  a  mixture,  244 
lodate  method  for  det.  arsenic,  44 

for  det.  cerium,  139 
lodate   of    potassium,    decomposition    of 

iodide  with,  241 
Iodide  of  potaseium,  reduction  of  ferric 

soTutiona  with,  253 
Iodide  method  for  antimony,  26 
method  for  arsenic,  43 
for  chromium  determination,  161 
for  copper  detennination,  195 
for  gold  determination,  232 
for   peroxide   determination,   1491 
for    melabisniDhites,    aulphites,    nd- 
phurouB  acid,  tfaiosulpbates,  131 
for  selenium  and  tellurium,  427 
for  determining  tin,  532 
Iodine,  detection   of   free,  combined,  io- 
daite,  236 
«timation,  general  procedures: 

gravimetric  as  palladoDS  iodide,  239 

as  silver  iodide,  239 
volumetric    determination    of    bjdri- 
odic  acid   and   soluble   iodides, 
239 
liberation  of  iodine  with  dilorine 

(Mohr-Dupr«),  243 
of  ferric  salts,  241 
of   hydrogen    peroxide   and   phos- 
phoric acid,  243 
of  iodate  of  potassiu 


of  nitro 
242 


cid,  Freseniua  method. 


Volhard  's  method,  243 
estimation,  special  procedures: 

in  nitric  acid,  determination  of,  1023 
occurrence,  236 

preparation  of  the  sample  for  estima- 
tion of  iodine  in  iodides,  iodates, 
commercial    iodine,    minerals,    or- 


ganic substances,  phoapbales,  water, 
237  ' 
separation    from    heavy   metals,    from 

bromine   and  chlorine,   238,  239 
solubility  of  the  element  and  its  salts, 
236 
Iodine  jelly  test  of  paint  vehicles.  1170 
number  (UUbl),  in  oil  analysis,  1127, 

1169 
in  miner.ll  water  and  brines,  245 
number,  linseed  oil,  1166 
number  (Hnbel),  1169 
standard  solution,  28,  1167 
tung  oil,  1170 
Iodoform  test  for  alcohol,  1521 
lodometric   dot.   of   nitrates,   Gooeli  and 

Gruener,  353 
Iridium,  detection  of,  3S2 

by  alt.,  KCl,  NH,CI,  H3,  Zn,  Pb,  aeel., 

Zn,  K,CO„  formic  a.,  etc.,  3Sa 
estimation,  383 

gravimetric  methods: 
ammonium   iridium   chloride,  3S4 
ignition  nith  ammoaium  sail,  3S4 
reaidue,  obtained  as   384 
reduction  by  sine,  383 
preparation  and  solution  of  sample,  383 
properties  of,  383 
separations,  from  osmium,  3S3 
platintun,  383 
Iron,    detection    of,    tests    with    hydro- 
chloric  acid,    ferrocyanide,    salicylic 
acid,    sodium    peroxide,    sulphocya- 
nate,  246 
distinction  between  ferrous  and  ferric 

salts,  246 
estimation,  general  procedures: 

gravimetric,   determination  as  ferric 
oxde,  Fe,0,,  249 
cupferron  method,  250 
volumetric   methods,    oxidation    prO' 
cedures : 
preliminary     reduction     with    hy- 
drogen   sulphide,    metal,    potas- 
sium   Iodide,     sulphurous     acid, 
test  lead,  linc,  251,  252 
potassium  dichromate  method,  252 
potassium    permanganate    method, 

254 
reduction  procedure  with  stannous 

chloride,  257 
redaction  with  titanious  salt,  25Ga 
estimation,  special  procednres: 

determination  in  alloys  and  metals; 
in  aluminum,  17 
in  bauxite,  15 
in  brass  and  hronie    1082 
in  bronw,  A.  H.  T.  M.,  1095 
in  Britannia  metal,  1083 
dn  copper,  200,  433 
in  German  silver,  1085 
in  lead,  2W 


in.  manganese  phosphorua  bronze, 

1086 
in   paint   pigments    (iron   oxides), 

11S5,  J189,  1193,  1196 
in  phosphates,  J73,  374 
in  Fortlsnil  cement,  1207 
in  Bose  's  metal,  1080 
in  sand,  438 
in  Mlenivm,  429 
in  lodium  nitrate,  322 
in  spelter,  H,S  and  eolorim.  metli- 

oda,  611 
in  sulphuric  acid,  1038 
in  type  metal,  1076 
in  spent  oxide,  519 
in  titaniferoua  ores,  SS2 
in    wat^r,    as    ferrous    and    ferric 
iron,  1423 
determination  of  in  presence  of  vana- 
dium, 589,  S92 
industrial  application  of  methods,  246 
occurrence,  ores  and  minerals,  carbon- 
ates, sulphides,  246,  247 
preparation  and  solution  of  tlie  sample, 
iron  and  steel,  248 
ores   soluble  salts,  silicates,  etc.,  247, 
248 
separations,  ether  method,  248 

general  procedure,  248 
separation  from  chromium,  158 
solnbilities,  general  considerations.  £47 
traees,  eotorimetrie  methods,  salicylic 
add  method,  259 
oulpbocyanate  method,  2S8 
Iron  and  steel  analysis,  decomposition  of, 
for  determining  iron,  248 
determination   of   aluminum   in,    16, 
268 
arsenic  in,  37 

earbon  in,   combined,   colorimetrie 
determination,   128,   260 
graphitic,  £63 
total,  95^101,  261 
cltromium  in,  158 
copper  ■ 


titaniom  in,  268,  547 

tungsten  in,  554,  556 
vanadium  in,  584,  591,  595 
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manganese  in,  bismuthate  method 
for,  264,  301 
Deshey  's  method,  263,  306 
persulphate  method,  263,  305 

Volhard  's  method,  304 
determination    in    Spiegel    iron, 
306 
taolyhdenum  in,  314,  316 
nickel   in,   331,   336a 
phosphorus  in,  265,  363-370 
silicon  in,  207,  268,  435 

rapid  foundry  method  of  deter- 
mination,  268 


apeciScations  for  elements  ii 
carbon,  264 
manganese,  264 
phosphorus,  265 


ind  iron-ore  briquettes,  copper 
rmination  in,  180 
ore   briquettes,    reduction    for   sulphur 

determination,  503 
sulphide,  aTailable  H,S  in,  503,  509 
Iron  salts,  free  acid  del.  in  1053 
Iron,  nickel,  cobalt  and  zinc  in  As,0,,  54 
Iron  and  alumina  in  barium  ores,  67 
Irrigating  waters,  1440 

Jaeger,   F.,   on   platinum   and  palladium 

det.   396 
Jackson's  candle  turbinimeter,  1220 
James,  C,  method  for  cerium,  139 
Jamieson's  arenous  method  for  peroxide 

det.,  1539 
Jannasch  method   for  separation  of  the 
halogens,  238 
metallic  test  for  palladium,  384 
for  platinum,  377 
for  rhodium,  389 
for  iodine  (ref.)  147 
Precipitation  of  bismuth  hydroxide,  75 
Japanese  wood  oil.     See  tung  oil. 
Jenkin  's  apparatus  for  specific  gravity  of 
gas  (Fig.  12B).  1263 
and     Hinman     gas-sulphur    apparatus 
(Fig.  127),  1260 
Jolly's  method  for  traees  of  thorium,  524 
Jones  reductor  apparatus  (Fig.  40),  256 
method  for  iron  determination,  2S2, 

255 
method   for  molybdenum  dstermlna- 

tion,  319 
method    for    phosphorus    determina- 
tion, 369 
Joule,  definition  of,  709 
Junker 's    calorimeter     (Figs.    124,    125, 
126),  1257,  1268 

Eehrmann's  separation  of  tungsten  from 
arsenic  and  phosphorus,  658 

Keller's  method  for  separating  selenium 
and  tellurium,  423 

Eelley,  O,  L.,  electrometric  methods,  1S41- 

1553 

apparatus  for  electrom.  methods,  1547 
Eempf 's  oxalic  acid  method  for  determi- 
nation  of  persulphates,   508 
Kingiett's  iodide  method  for  det.  perox- 
ides, 1SS9 
Ejeldahl  det.  nitrogen  in  explosives,  1382 
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Kj<?ldahl  digestion  for  nitrogen  determi- 
nation, 340,  350 
Kneeland,     decomposition    of    ores    and 

slags,  214 
Knorr  arsenic  distill,  a  pp.,  39,  365 
Knorr's   persulphate   method    for   deter- 
mining manganese  in  water,  1426 
apparatus,   modified,   for   carbon   dioi- 

ide  determination,  122 
method   for   purification  of  wlver,  *49 
Knowles  and  Lundell  on  elements  in  steel, 

268-270 
Kramer-Sarnow  heat  tests,  bit.  snb.,1305 
Krjpton  in  the  atmosphere,  338 

Lacmoid  indicator,  preparation  of,  11S2 
uses  of,  1004 

Ladd,  It,  M.,  on  pyridine  in  amm.  ni- 
trate, 360 

Landrum,  cobalt  in  cobalt  oxide,  171 
cobalt  in  enamels,  173 

Lanthannm,  134,  l.tS 

Lard,  cottonseed  oil  in,  1144 
wster  in,  1144 

Latent  heat,  definition  of.  708 

electrolitic  det.  of,  A.  8.  T.  M.,  1092 

Lawrence  Smith  (J.),  method  for  alka- 
lies in  stlleates,  416 

Leach's  test  for  forma Idch.yde,  1532 

Lead  and  copper  in  As;Oi,  53 

Lead,  detection  of.  tests  with  hydro- 
chloric acid,  hydrogen,  sulphide,  po- 
■   ""■  '■  '^"     late    and    potassium 


chro 


:,  271 


estimation,   general   procedures: 

gravimetric   method,  determining  aa 
chromate,  PhCrO,,  274 
as   moljbdnto.   PbMoO,,  275 
as  peroxide,  PbO-,  by  electrolras, 

276 
as  sulphate,  PbSO,,  274         ^ 
volumetric      methods,      ferrocjanide 
titration,  276 
chromate   method,    Notes,    275 
moljbdate  raeth.  of  Alexander.  278 
permanganate  method  of  Low,  277 
eetimation,  special  procedures: 

determination  in  alloys  and  metals  in 
brass  and  bronze.  1084 
in  Britannia  metal,  1083 
in    bronze,    det.    as    PbSO,,    1091 
in  commercial  selenium,  479 
in  copper.  201 

in     corroded     white     lead     (volu- 
metric and  gravimetric),  1181 
in  gun  metal.  A.  S.  T.  M.,  1101 
in   manganese   phosphorus   bronze, 

1086 
in  metallic  lead,  1182 
in   paint   pigments,   chrome   green 
and  7e11ow,  1195-1196 


in  picric  acid,  1393 

in  red  lead  and  orange  mineral, 
1191 

in  Rose's  metal,  1079 

in  selenium,  commercial,  479 

in  soft  solders,  1078 

in  speller    (electrolytic   and  lead 
acid  methods},  60S 

in  sulphuric  acid,  1037 

in  sublimed  blue  lead,  1194 

in  sublimed  white  lead,  1179 

in  type  metal,  1076 

in  Wood 's  metal,  1080 

in  yellow  basic  lead  chromate.  1195 

in  zinc  lead  and  leaded  zinc,  11S3 
Lead,  estimation,  determination  in  small 
quantities    (see    Traces    in    Water), 
1433 
impuritiee  in  metallic  lead: 
antimony  in  hard  lead,  25 
bismuth  in  lead  bullion,  71,  81 


271 

preparation  and  solution  of  tbeaamplee 

— minerals,  ores,  alloys,  etc.,  272 
separations,   isolation   of   lead   as   sul- 
phate, 27.1 
extraction  of  the  impure  sulphate  by 

ammonium  acetate,  273,  279 
separation   from  horium,  273 
solubilities    of    metal  tie    lead    and   its 

salts,  271 
traces,  determination  of: 

gravimetric   from   large   amounts   of 
substances: 

a.  acetate  extraction,  279 

b.  occlusion      by     preoipitate     of 

another  metal,  280 

c.  Seeker -Clayton     method,    modi- 

fied, 281 
volumetric,  colonmetrie  method,  881 
Lead  acetate  cotton,  30 
Lead  acetate  method    for  precipitating 
vanadium,  588 
test  for  chromate,  156 
test  paper,  49 
Lead -arsenate,   arsenic   determination   in, 

36 
Lead   bullion,  bismuth   determination  in, 
71,  79 
carbonate  in  sublimed  blue  lead,  1194 
chloro- fluoride  method  for  fluorine  de- 
termination, 217 
method    for    determining    molybde- 
num, 316 
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Lc'ad    o:iide,    electrolytic    method,    1184 
methoil  for  manganese  in  Btool,  263 
peroxide  in  red  lead,  1191 
sulphate,  decomposition  o(,  for  sulphur 
determination,   .140 
in  Bublimei)  hlue  lead,  1194 
sulpbite  in  sublimed  blue  lead,  1194 
Lead  oxide,  methoil  for  det.  manganese, 

263 
Lead  peroxide  in  minium,  det.  of,  290 
tie  Blane  and  Eekardt  'b  ferrous  eutphate 

method   for  persulphate*,  508 
Le  Chatelier's  specific  gravitj  apparatus, 

1199 
Ledoiu  and  Co.  methods,  2S0.  322,  SCO 

for  tungsten  del.,  560 
Length,  unit  table,  702 
Lenher's  method  for  gold,  2.12 

-Cranford  thymol  method  for  Litanlum, 

550 
and  Trogg,  precautions  on  silica  deter- 
mination, 437 
Lennsett's  iodide  method  for  tin.  Baker's 

modificfltion,  512 
Lenkowitsch  on  oil  tests,  1135 
Liebermann-Storch  '3   test   for   rosin    oil, 

1139 
Liebig's  absorption  bull>.  III 

method    for    determining    bydrocfanic 
acid  and  eyanides,  131 
Liddell  on  dust  in  gas.  12.56 

"Metallurgists'     Handbook"     <ref.), 
449 


14S 
in  sand.  438 

-value  in  water  analysis,  1208 
in  silicate  of  soda,  43S 
and  limestone  determination  in  cement 

«nd  analysis,  1207,  1214 
water  test  for  magnesium,  291 
and  magnesia  in  harium  ores,  67 
Limestone,    lime,    cement    rock,    analysis 

of,  1214 
Lindo-(iladding 's  method   for  potassium, 

412 
Linseed  oil,  analysis  of,  1165 

specifications,  11 68 
liquids,  sampling  of,  see  sampling. 
Litharge,  200 

charges  in  assnying.    Rfe  in  chapter  on. 
Lithium,  detection  of,  402 

estimation,  general  procedures: 
as  lithium  chloride,  414 
as  lithium  sulphate,  414 
Oooch's  method,  414 
Rammelsbcrg 's   method,   415 
spectroscopic  method,  415 
eodium    and    potassium    determination 
in  presence  of  one  another,  416 


Lithopone,  analysis  of,  11S6 
Litmus  indicator,  uses  of,  1004 
Li  ttle-Cahen- Morgan,   det.  araenie   in  or- 
ganic matter,  36 
Loss  of  weiglit  method  for  earl>onalee, 
124 
on  ignition  in  Portland  cement,  1208 
Low,  A.  H.,  electrolytic  method   for  co- 
balt,  170 
method  for  dccomp.  antimony  ores,  19 
method  for  lead,  277 
method  for  shale  oil,  1350 
Low-freezing  dynamite,  analysis  of,  1381 
Lonenthnl- Proctor  on  tannic  acid,  1588 
Lower  oxides  in  nitric  acid,  1023 

in  oleum  and  mixed  acids,  1042 
Lubricating   oils    (see   under   Oils,   Fats, 

Waxes),  1114 
Lundell  and  Kiiosrles  on  det.  elements  in 

steel,  288-270 
Lunge-MarchleHski  on  carbon  (ref.),  127 
Eay  pipette   for   weighing;  of   liquids, 
1010 
Luteol  indicator,  531 
Lul,  definition  of,  708 

McDaniel's   app.    for   det,    solubility   of 

gases,  1488 
MocMichael's  viscosimeter,  1117 
Mackey's     apparatus     for     spontaneous 

combust  ion  .oils,  1140 
Magenta  teat  for  bromine,  92,  B8 
Magnesia,   effect    on   silica   dehydration, 

436 
Magnesium,  detection  of,  291 
estimation,    methods    for    determining, 
general : 
gravimetric,  as  magnesium  pyrophos- 
phate, 293 
volumetric,   titration   of   ammonium 
magnesium  phosphate,  294 
estimation,  special  methods: 
determination  in  gypsum,  1188 
in  sand,  4.18 
in  silicate  of  soda,  438 
in  sodium  nitrate.  .1-50 
in  water,  1425,  1436 
Magnerium,     eHtimalion,     in     composite 
white  paint,  1190 
in  green  pigments,  1196 
in  orange  and  yellow  pigments,  1195 
in  Portland  cement,  1207 
with  sodium  and  potassium  in  pres- 
ence of  one  another,  estimation  of, 
•BM-  -^13 


nple 


291 
and  solution  of  the  si 


separation  from  the  hydrogen  sul(ihide 

group,  Cu,  Ph,  Cd,  Ah,  etc.,  292 

from     iron,    aluminum,    manganese, 
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HangaocM,  sep.  from  the  alkaline  earths, 
59,  292 
solubUitr,  291 
Magnesia  mixture,  preparation  of,  328 
Magnesium  amtnonium  phosphate  method 
for  phosphorus,  367 
chloride  in  water,  143E 
metallic,  test  for  platinum,  377 
pTToarsenate  method  for  arsenic,  41 
pjrophosphate  method  for  phosphoTus, 

367 
sulphate,  arsenic  in,  51 
.  Uaize  oil,  constants,  1148 
Maletesta  and  De  Nola,  silver  det.,  440 
Uoneanese-bronze,  analjais  of,  A.  S.  T. 

M.,  1089 
Manganese,    detection    of,    general    pro- 
cedure and  bead  test,  295 
in  soils,  miaerals,  vegetables,  etc.,  295 
estimation,  general  methods: 
graTi metric,  as  manganese,  pyrophos- 
phate, 300 
volumetric,  bismuthate   method,  301 
lead  oxide  method,  306 
persulphate  method,  305 
Volhard's  method,  304 

1  procedures: 


determination  i; 
264 


1  and  steel,  263, 


in  bronze,  det.  of  A.  8.  T.  M.,  1096, 
1097 

M.,  1096,  1097 
in   ferro-tuDgsten   and    tung.   metal, 

573 
ID  metallic  lead,  S90 
in  phosphorus  bronze,  1086 
in  Spiegel  iron,  306 
in  steel,  227,  228,  266,  267,  268 
in  steel,  electrolytic  method,  1517 
in  tungsten  alloys,  514 

ores,  508 

I   and   concentrates. 


in   tungsten    i 
569 

preparation  and  solution  of  the  sample, 
alloys,  ferro-aluminum,  ferro-chro- 
mium,   ferro-titanium,   manganese, 
bronze,  molybdenum  and  tungsten 
alloys,    silicon    alloys ;     iron     and 
steel ;    ores,    iron    ores,    sulphides, 
elagg,  296 
separation    from   H^S  group,  alkaline 
earths  and  alkalies,  nickel  and  co- 
balt, 298 
from  iron  and  alumina  by  basic  ace- 
tate, 29S 
by    precipitation    of    manganese    ae 
dioxide,  M»0„  299 
solubility  of  the  metal  and  its  oiides, 
296 
Manganese  oiide  in  paint  pigments,  1185 
-phosphorus    bronze,    analysis   of    (see 
Alloys),  1086 


Mannitol.  boric  acid  titration  in,  86^  87 
Marsh,  electrolysis  of  nickel,  33S 
Marsh  test  for  arsenic,  47 
Martin,  on  absorption  apparatus  for  CO,, 

Martin,  H.  E.,  on  bauxite  analy.,  15 
Masses,  unit  table  of,  702 
Matte,  capper,  solntion  of,  179 
Mattes,  decomposition  of,  20 
Maumene  test  for  oils,  1126 
McDonnell  and  Roark  arsenic  aepanttion, 

37 
MeDonell,  metbod  for  hydioeTVtio  acid, 

131 
Meade,  chapter  on  e«nenta,  1198-1214 
Meat,  arsenic  in,  51 

boron  in,  83 
Mechanical    rubber    goods,    analysis    of, 

1368 
Meiklejohn,     properties    of     eomponnds, 
table  XVII,  879-683 
conversion  factors  XVIII,  683-698 
Mellor,    calcium    oxalate,    decompoution 
of,  107 
on  precipitation  of  tungsten,  563 
■traces  of  lead,  282 
Melting  temperature   of   elements,   table 

of,  658 
Meue,    ferric    chloride    method    for    tin, 

535 
Men  nick,    chloric    and    perchloric    acidt, 

153 
Mercuric  cyanide  test  for  palladium,  384 
oxide  method  for  separating  magnesia 
from  the  alkalies,  407 
Uercurous    nitrate    method    for    precipi- 
tating molybdenum,  316 
method   for  precipitating  vanadium, 

587 
test  for  chromate,  15S 
Mercury  chloride  paper,   for  arsenic  de- 
termination, 47 
Mercury,  cleauiog  of,  1279 
detection  of,  308 

estimation,  methods  of  procedure: 
gravimetric,  electrolytic  method.  310 
Halloway-Eschka  method,  311 
milphide,   precipitation,  310 
volumetric,  by  Seamou 's  process,  312 
occurrence,  308 
preparation  and  solution  of  the  sample, 

ores,  308,  309 
purification  of  the  reagent.  1279 
separation  from  members  of  subsequent 
groups,  309 
from  As,  Sb,  Sn,  Pb,  Bi,  Cu,  Cd,  Se, 

Te,  309 
from  organic  substances,  309 
solubility,  308 
Mercurv,  free,  in  fulminate,  det.  of,  1395, 
J397 


MereuTT  in  sine  amalgam,  1107 

fulminate,  analfsis  of,  1393 
Her  win  color  screens,  402 

and  Stiegers'  method  for  flnorine,  210 
Messinger'B  method  for  acetone  det.,  1537 
Metab  [sulphite,    gravimetric     determina- 
nation,  511 
valumetric  iodine  method  for,  512 
determination   in   presence   of   catbou- 
atea,  chlorides,  sulphMes,  aolpbites, 
thiOBulphates,  514 
Uetallie  aluminum  and  its  alloys,  5 
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cobalt,  cobalt  in,  167,  172 
copper,  178 

determination  of  gold,  silver,  lead, 
bismuth,   arsenic,   antimon;,   so- 
lenium,     tellurium,     iron,     zinc, 
nieket,   cobalt,   oxygen,   sulphur, 
phosphorus,  chlorine  in,  189-206 
gold,  preparation  ol  proof,  234 
Hetallie  iron  (and  steel).     See  index  for 
iron  and  steel  analysis, 
technical   deteroilnations   of   carbon, 
manganese,   phosphorus,   silicon, 
sulphur  in,  259-288 
chromium,   cobalt,    niche),    titanium, 
tungsten,   vanadium.     See   Iron 
and  Steel  Analysis, 
lead,  determination  of  silver,  bismuth, 
copper,    cadmium,     arsenic,    aati- 
mony,  tin,  iron,  cobalt,  nickel,  man- 

roese,  line  in,  286-290 
cobalt  in,  172 
platinum,  380 

•ilver,  preparation  of  pure,  44S 
line  in  cine  dast,  607 

impurities,    lead,   iron,   cadmium    in 
spelter,  610 
Ifetals.    See  Metallic. 
Metaphosphorie  acid,  test  for,  362 
Ifeter,  net  meter,  rotameter,  eapometer, 
Thomas  electric  meter,  orifice  meter, 
anemometer,  1233-12.16 
Methane,  determination  of,  1248-1249 
Methyl  alcohol,  detection  and  determina- 
tion, 1531 
Methyl  borate,   distillation  of  boron,  84 
Methyl  orange  indicator,   26,  347,   1003, 
1004 
red  indicator,  uses  of,  1003 
Methyl  violet  test  paper,  preparation  of, 

140S 
H«tric  and  customary  units,  table  XZI, 

702 
Melzel   and   Vortmen,   method   for   anti- 
'       mony,  23 
Sleycr's  apparatus  for  zinc  determination 

(Figs.  72,  73,  74).  608 
Microcbemical  examination  of  crystals  for 
tantalic  and  columbic  acids  575 
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Microscopical  examination  of  water,  1442 
organisms  in  water,  control  of,  1451 
identiQcation  of,  1449 
illustrations  of,  plate, 
list  of,  1443,  1448 
Microscopical  test  of  lubricating  oils,  1123 
Microcosmic  salt- react  ions    table  of,  627 
Milk,  boron  in,  83 

Mine  gases,  carbon  dioxide  in,  1270 
Mineral  acids.     See  acids, 
analysis  of  water,  1421 
matter  in  rubber,  1366 
oil.     See  oils, 
residue  in  water,  1431 
salts  in  burning  oils,  1113 
Minerals,  decomposition  of,  for  determi- 
nation of  lead,  272 
detection  of  tungsten  in,  554 
test  for  gold  in,  228 
See   list  under   dominating  elements 
contained  in,  Part  I 
Minium,  lead  det.,  252 
Minium,  lead  peioiide  in,  290 
Miscellaneous,  1521 

Mispickel,  preparation  for  arsenic  deter- 
mination, 37 
Mitscherlich 's  app.  for  N  det.,  351 
Mixed  acid,  analysis  of,  1042 
Mixtures,  sodium  and  potassium  carbon- 
ates and  hydrates,  1066 
Modified  sodas,  analysis  of,  1063 
Mohr's  alkalimeler,  124 
method  (modified)  for  antimony,  87 


for  a 


:,  43 


for  chlor 

for  iodine,  243 
Moir's  method  for  gold,  233 
Moisture  in  air,  338,  1006,  1272,  1275 
commercial,  53 


,  15 


1   brimstone,  519 
In  butter  and  fats,  1143-1144 
in  coal,  1218 

in  explosives.    See  subject, 
in  gases,  1275 
in  nitrate  of  soda,  349 
in  oils  (burning),  1113,  1144 
in   paints   and   paint   pigments     1163, 
1186,  1187,  1188,  1190,  1193,  1194, 
1195,  1196 
in  phosphate  rock,  362 
in  silicate  of  soda,  438 
dn  silicates,  433 
in  soap,  1156 
in  sodium  fluoride,  224 
in  zinc  pulp,  593 

See     also     under     special     subjects 
throughout  text. 
Molybdate  method  for  lead,  gravimetric, 
276 
volumetric,   278 


AloljbJenUe,   comparison   witb   grapbite, 


^,  313 

tests  witb  sodium  tbiosulpbate,  sul- 
phur   liioxide,    diaodium     phos- 
phate, sulphuric  acid,  313 
Mtimatlon,  general  procedures: 

gravimetric,  lead  niolyhdale  method. 


mercuroua  nitrate,  precipitation  hj, 

3]G 
molybdenum  sulphide  method,  317 
volumetric,       iodometric       reduction 
method,  318 
zinc    reduction     with     Jonee '    re- 
dactor, 319 
delermiaalJon   in   presence   of  vana- 
dium, 3S1,  591 

preparation      and      solution     of     the 
sample,  ores,  314 
iron  and  steel,  314 
separation  from  iron,  314 

from    alkalies,   alkaline   earths,   bis- 
muth, cadmium,  copper,  lead,  ar- 
senic, titanium,  vanadium,  tung- 
sten, phosphoric  acid,  315 
solubilities,  314 
Molybdenum  in  molybdenum  coucentrates, 
324 
in  ores — wulfenile,  molylidetiite,  322 
ores,  analy.  of,  det.  As,  Cu,  P,  325 
Honazite,  decomposition  of,  522 
Moody  and    Leyaon  so',  app.,  1470 
Morgan -Ca  hen-Lit  tie,  arsenic  det.  in   or- 
ganic matter,  36 
Morphine  teat  for  titanium,  538 
Morphine  sulphate  test  for  formaldehyde, 

1532 
Mortar,  standard  sand,  water,  percoutdge 

for  (table),  1201 
Mulligan,  J.  J.,  on  bismuth,  79 
Muriatic  acid,  analysis  of,  1013 
Mustard  oil,  1147,1149 
Myrtle  wax,  1150 

Naphtha  solvent  of  rnl>ber,  1361 
^aphthalcne  in  gas,  12C2 
Naphthylaniiue  acetate  reagent,  1414 
National   Brass   and    Copper    Tul>e    Co. 

method  for  brass  analysis,  206 
National   Lead   Co.,   method    (modified), 

for  metallic  lead  analysis,  286 
Natural  cement,  U.  S,  Gov.,  speciflcations 

for  fineness,  1198 
Neat's  foot  oil,  constants,  1147,  1149 
Needle  penetrometer,  hardness  test,  1298- 

1301 
Neon  in  the  atmospbere,  338 


Nephelometric  method  for  silver,  448 
Nessler  jars  for  colorimetric  titanium  de- 
termination, 548 
Nessler's  method  for  ammonia,  1413 

test  for  ammonia,  337 
New    Jersey   Zinc   Co.,   on    barium   ores 
analy,,  66 
analysis  of  barytes,  60 
tine.  597 
Newton,  method  for  titanium,  543 
New  York  State  Board  of  Health  tester 

for  oil,  1109 
New    York -Liverpool    test    for    alkalies, 

1062.  1064 
Nickel,  detection  of,  hydrogen  sulphide 
test,  329 
dimethylglyozime   and    alpha   beniildl- 

oiime  tests,  32S 
estimation,    geueral   procedures: 
gravimetric,      alpia      benzildioiime 
method.  332 
dimetbrlgtyoiime  ti^etbod,  333 
electrolytic  method,  335 
volumetric     method     of     Parr     and 
Lindgren,  3.36 
potassium    cyanide    method,    336a 
estimation,   special  procedure?,   nickel- 
plating  solutions,  336 
determination    in    alloys,    336 
in  copper,  199,  202 
in  German  silver,  1085 
in  iron  nnd  steel,  331 
in  metallic  lead,  290 
preparation  and  solution  of  the  aainple, 
general  procedure  for  ores.  .'t.lO 
metallic  nickel  and  its  alloys,   ;tJO 
separation      from      alkalies,      alkjiline 

gen  sulphid 
from   alumin' 

solubiiitie  , 
Nickel-plating  solution,  determination' of 

nickel  in,  336 
Niobium.     See  Columbium,  554 
Nitrate,  standard  solution  of,  1416 

of   soda,   analysis   of,   moisture,   insoi- 
uble  matter,  sodium  sulphate,  iron 
and  aluminum  oxides.  Jime,   ma^'- 
nesia,  sodium  chloride,  carbon  di- 
oxide, 349  [ 
Nitrates  in  black  powder,  1373               ,■ 
in  explosives,  1373,  1377                   I 
in  nitrite  ssit,  detection  of.  359         I 
Nitrates,  removal  of,  in  sulphur  deternli- 
nation,  497                                       I 
awd,  complete  analysis  of,  10211- 


in  from  alkalies,  alk'iline 
hs,  and  members  of  the  hjrdro- 
sulphide  group,  .331  I 

aluminium,  chromium,  coWt, 
on,  manganese,  ziue,  331,\332 


deti 


1024 


acidity,  chlorine,  hy-j 
droehloric  acid,  iodine,  nitrous! 
acid,  sulphuric  acid,   1021-1024 


Nitric  acid,  det.,  arsenic  in,  50 

hy  ferrous  sulpLate  method,  1024 
free,  deterraiiinlion  of,  ref.,  ;i57 
in     arsenic    acid,    ferrous    sulphate 

method,  lOSS 
in  hydrochloric  acid,  1013 
in  commercial  nitric  acid.  1023 
in     mixed     acid,     ferrous     sulphate 

method,  :t41 
in  oleum,  nitrometer  methorl,  357 
in  phosphoric  acid,  ferrous  sulphate 

method,  1028 
in   sulphuric   aeid,   ferrous   sulphate 

method,  1026,  1040 
N/10   reagent    for   pliosphate   deter- 
mination, 368 
specific   gravity  table,   663,   1029 
Nitrite  (see  also  nitrou'i  acid),  358 
detection  of,  359 
estimation,  35S 
gravimetric — Buovold  'b  method,  358 
volumetric — permanganate      method, 

358,  1042 
tables,  1029 
in  water,  1414 
Nitrocellulose,  analysis  of,  1309 
in  explosives,  1388 
in  gelatine  dynamite,  13S0 
Nitrochlorhydrin  iu  explosives,  1383 
Nitrocompounds,     separat.     from     nitro- 
glycerin, 1382 
Nitrogen,  detection  of,  combined  as: 

ammonia,  testa  for,  337 
Nitrogen,    ammonia,   Neesler's   test,   337 
nitric  aeid,  copper  test  for,  338 
diphenylamine  test  for,  338 
ferrous  sulphate  tesr  for,  337 
phenolsul phonic  acid  teat  for,  33S 
nitrous  acid,  acetic  acid  test  for,  338 

permanganate  test  for,  338 
organic  nitro-cn,  337 
estimation,   free,   combined,   and   total 
nitrogen,  338 
combined  nitrogen,  methods  for: 
ammonia,    gravimetric    determina- 
tion  of,   342 
combined   and    froc,    volumetric 
determinatiou,     343,     1412, 
14H 
traeea,  34r>,  1413,  1414 
ammoniacal  liquor,  analysis  of,  de- 
termining carbon  dioxide,  hy- 
drochloric acid,  hydrogen  sul- 
phide,    sulphuric     acid,     am- 
monia, 344, 345 
nitrate  of  soda.  349 
nitrates,  Dcvarda  method  modified, 

346 
as  nitrate  in  water,  1415 
as  nitric  acid,  grnvimetrie  method 
as  nitron  nitrate,  345 
volumetric,  346 


as  nitrite  in  water,  1414 
as  organic  nitrogen  in  water,  1413 
nitrogen  in  fertilizers,  339 
in  green  pigments,  1196 
in  organic  matter,  nitrates  being 

absent,  .340 
in  organic  matter  iu  presence  of 

nitrates,  341 
in  soil  extracts,  350 
Kjeldnhl  method.  339 
free    nitrogen.     See    Gas    Analysis, 

1S50 
per  cent,  of,  in  air,  338 
tetroxide  in  gas,  1270 


preparation  of  the  sample,  . 
salts  and  mixtures^  341 
nitrates    iu    soils,    nitric    acids    and 

mixed  acids,  341 
organic  subs'anees  in  presence  or  ab- 
sence of  nitrates,  340,  341 
separations,  ammonia,  isolation  of,  341 
nitric  acid,  isolation  of,  342 

removal     of     imjiurities,     nitrons 
chromic,   hydrobromic,  hydro- 
iodic  acids,  342 
solubilities,  339 

special  methods,  nitrometer  method  for 
nitrates  and  nitrites,  353 
nitrometer  of  du  Pont,  354 
nitric  aeid  in  oleum,  357 
Nitroglycerin,  determination  of,  1376 
dynamite,  analysis  of,  1374 
smokeless  powders,  1407 
N it ropoly glycerin  iu  explosives,  1383 
Nitrometer,  3f3,  354 

gas  analysis,  Fig.  160,  1276 
Nitron  nitrate  method  for  nitric  acid,  342, 

345 
Nitroslte  method  for  rubber  analy.,  1356 
Nitroso-beta-naphthol,  precipitation  of  co- 
halt  with  169 
Nitrous  aeid,  decomposing  of  iodides  with 
242 
permanganate  method  for,  358 
and  lower  osides  in  nitric  acid,  1023 
in  oleum  and  mixed  acids,  1043 
gas,  generation  of,  94,  147 
removal  of,  from  nitric  acid,  342 
oxide  in  gas,  1270 
Nitrostarch  in  explosives,  1388,  1390 

test  for,  1385 
Nitrosugars  in  explosives,  1383 
Nitrotoluenps  iu  dynimitc,  1381 
Non-drying  oils,  list  of,  1146 
Normal  consistency  of  cement,  method  of 

determination,  1200 
Normal  solutions.     See  Reagents. 
Norton  apparatus  for  carbon  det.,  117 
Noye's  app.  for  det.  solubility,  1471 


Oecnmnce,    See  nnder  element  in  qaso- 

Odor  test  of  water,  1411 
Offertnan 'd  method  for  fluorine,  218 
Ohm,  definition  of,  709 
Oils,    fats,    waieB,    examination    of    un- 
known oil,  1108 
detection  of  oila  in  paint  vehicles,  1104 
classified  list,  charac  I  eristics,  and  eon- 
Btants  of  oil!  (tables),  1147,  1150, 
1162 
examination  of; 
animal  and  vegetable  oita,  1123 
general  teat  for,  1134 
acetyl  vaiue,  1135 
antifluoreseeuee,  test  for,  1135 
bromine  number,   1130 
elaidiu   test,   1126 
iodine  number,  1127 
Hanns'a  method,  1128 
HObl's   methoil,   1129 
in  oiidiied  oils,  1130 
Haumene  test,  1126 
refractive  index,  1125 
uponification  value,  1131 
nnsKponifiable  oils,  detection  of, 

1132 
Vslenta  test  for,  1225 
apecial  tests  for  certain  oils,  1135 
cottonsred  oil,  Beeki's  test  for, 
1136 
Ralpen's  test  for,  1136 
drying   on   glass,   1142 
free  acid  in,  1140 
linseed    oil,    heiahromide    test 

for,  1137 
peanut    oil,   Renard  's    teat    for, 

li:i8 
rapeseed    oil,    Beefa  's    test    for, 

113S 
rosin  oil,  Liebetmann-Storch  teat 

for,  11.19 
seaamS    oil,    Bauiloin's    or    Ca- 

moin's  test,  1130 
spontaneous     combustion      test, 

Mackey 's  apparatus,   1140 
titer  test.  1143 
fats,  edible,  1143 
butter,   1143 
lard.  1144 
hardened  oils,  1145 
miscellaneous  oila  and  lubricants,  1145 
paint  oils  (aee  under  Paints  and  Paint 
Pigments),  1184 
Chinese  n-ood  oil,  tung  oil  (see  aub- 
Jeet   under  Paints),   1169,   1171 
paint,     acid     number,     heating    test, 
iodine  jelly  test,  iodine  num- 
ber, refractive   index,  saponi- 
fication    number,    anaaponifl- 


abla  matter,  speeifle  gravity, 
sUadards  of,  1169-1171 
turpentine     (see    enbjeet    under 
Paints),  1173,  1174 
color,    distillation,    pol inter iiation, 
refractive  index,  speeifle  grav- 
ity, standards  of,   1173,  1174 
varnish  (see  subject),  1174,  1176 
petroleum  producla,  1109 
burning  oils,  1109 

acidity,   detection   of,   1113 
color  of,  1114 
distillation  test,  1111 
Are  teat,  1110 
flash  teat,  1109 
mineral  salts  in,  1113 
specific  gravity,  1111 
sulphuric  acid  test,  1113 
mlphur  determination  in,  1112 
vFater  in,  1113 
lubricating  oils,  1114 

carlKin  residue  test  for  in,  1122 
caoutchouc,  test  for  in,  1121 
evaporation  test  of,  1116 
fatty  oils,  test  for  in,  1121 
fire  teat  of,  1120 
flash  teat  of,  1119 
friction  test  of,  1123 
gaaoline  test  of,  1122 
gumming  test  of,  1121 
microscopical  test  of,  1123 
soap,  detection  of  in,  1121 
specific     gravity     of,     hydrometer 
method,   1111 
We»tpbal     balance     method, 
1111 
viscosity,  1114 
absolute  method,  1116 
Engler's  viscosimeter,  1114 
Saybolt  viscosimeier,  1115 
Universal   viscosimeter,  1115 
Oil  in  black  pigments,  1196 
Oils,  reagents  used  in,  1151 

tables  of  characteristics  and  constants, 
fatty  acids,  1147 
mineral  oils,  properties  of,  1145 
veget«ble  and  ammal  oila,  1148, 1149 
waiea,   1145,   1160 
viscosity  conversion  tables,  1151 
Safbolt,     Engler,    and    Bedwood 
times,  llSl 
Oil  shnle  valuntion,  1350 
Oleum,  complete  analysis  of,  1041 

acidity,  lower  oxides,  nitric  acid,  sol- 

phuric  anhydride  in    1042-1044 
table  If  equivalents,  lOSl 
Olsen,    chapter    on    analysis    of    a1loy«, 
1071-1107 
test  for  fluorine,  213 
Optical  pyrometer  (Fig.  107),  1228 
Ores.     See  under  Preparation  of  Sample* 
of  Various  Elements 


Organic  acids,  analj'sis  of,  1054 
Organic  matter,  arsenic  det.  In,  36,  51 
decomposition   of   for  determination 
of  antimony  in,  21 
for  determining  barinm,  67 
boron,  33 
bromide,  63 

chlorine  and   halogens,  145 
Carius    method    for    halogsne 

in,  145 
lime  method  for  halogens  in, 

146 
sodium    peroxide   method    for 
halogens  in,  146 
fluorine,  214 


237 


determination   of  carbon  in   oi^nic 
matter,  119-121 
nitrogen,  336 

phosphorus  in  baking  powder,  385 
potassium      in     soils,      fertilizers, 

plants,  403,  405 
organic    matter    in    water,    1417, 
1419 
Organic  matter,  destroyed  by  persalpliate, 

36 
Organisms,     water,     classification,     1443, 
144S 
identification  of,  1446 
Orifice  meter,  1236 
Oamium   detection  of,  362 

tests  by  H^,  KOH,  NH.OH,  Zn,  red. 
agts.,     KNO„     Na:80„    P,    Hg, 
<8nG,,  etc.,  estimation  of,  363 
gravimetric  determination  of,  364 


preparation  and  sulution  of  sample,  393 
properties,  392 
separations,  .194 

Orsat  apparatus  (Pig.  120),  modified 
(Pig.   131),   1241,   1267 

Ottawa  sand,  standard,  1201 

Oulman's  method  for  tartaric  acid,  1060 

Ovens,  drying,  1506-1508 

Owen-Bradburj  method  for  alkali  car- 
bonates and  hydrates  in  presence  of 
each  other,  1066 

Owens,  chapter  on  Rare  Earths,  134 
on  Thorium,  522 
on  Zirconium,  618 

Oxalate  method  separation  of  alkaline 
earths   from   the  alkalies   and   mag- 

Ozalates  of  the  rare  earths,  outline  for 

•oparation  of,   141  •»*"' 

Oxalic  aeid,  delermiuatlon  of.  1159 
Oxalic  acid  method  for  persulpbates,  508 
Oxidation  methods  for  del.  iron,  251 
in  platinum  salts,  277 
test  for  methyl  alcohol.  1531 
test  for  vanadium   683 


EX  31 

Oxide,  estimation  of  elements  as.  Se« 
index  of  following  elements:  Alumi- 
num, bismuth,  chromium,  cobalt, 
copper,  iron,  lead,  manganese,  molyb- 
denum, nickel,  silicon,  sulphur,  tin, 
titanium,  tungsten,  columbium  and 
tantalum,   uranium,   vanadium,  tine, 


Oxides  of  cobalt,  167,  171 
copper,  176,  19S 
iron,  246,  247 
thorium,  523 
titanium,   536 
tungsten,  655 


,  579 
vanadium,  585 
zirconium,  619.  621 
Oxidized  oils,  iodine  number  of,  1130 
Oxygen  consumed  in  water  (organic  mat- 
ter  in),   1417 
Oxygen  cylinders,  illustrating  method  of 
eonneetiog,  1224 
determination    of,    in    air,    absorption 
with   phosjAorus,   1246 
potassium    pyrogallate,    1247 
«odiuni  pyrogallate  (note),  1246 
in  copper,  204 

in  gas,  338,   1244.  1246,  1247,   1248 
dissolved  in  water,  1432 
explosion  nith  hydrogen,  1247 

Paints  and   Paint   Vehicles,   analyws   of 
(see  Outline  in  Table  of  Contents), 
1161 
pigments,  classification  of,  1177 
black  pigmeuts,  analysis  of,  1396 
blue  pigments,  analysis  of,  1193 
Prussian   blue,  Chinese  blue,  Ant- 
werp blue,  1194 
sublimed  blue  lead,  1194 
ultramarine  blue,  1193 
green  pigments,  analysis  of,  1196 

chrome  green,  11B5 
red  and  brotru  pigments,  1190 
iron  oxides,  1163 
red  lead,  orange  mineral,  1190 
vermillioD,  1162 
yellow  and  oraoge  pigments,  chrome 
yellow,     Amerieau     Vermillion, 
basic  lead  chromate,  1195 
white  pigments,  1178 
barytes  aud  blanc  fixe,  1188 
composite  white   paint.  1189 
corroded  white  lead,  1181 
litbopone,  1186 
silica,  silex,  China  clay,  abbest^ne, 

1187 
sublimed  white  lead.  ItSS 
whiting,   Paris  white,   11S8 
line  lead  and  leaded  zinc,  USE 
line  oxide,  1183 
vehicles,  1162 


Paint,   veh.   liquid,   pfrcentage   of,   1162 
aeparatiou  of  coDipoiietits,  1163 
resinntps,  detection  of,   1164 
□ils,    detection    of,    iodine    numher, 
1164 
Chinese  wood  oil,  or  luug  oil   (see 
un,lcr     Oils,     Fats,     Wflies), 
116B-I171 
constants    for    various    oils,    615, 
1171,  1172 
turpentine,  examination  of   (see  de- 
tails under  subject  Inrpentine), 
117.1,  1J74 
varnish,  eiamiiiation  of   (see  details 
under   subject.  Varnish),   1174- 
1176 
other  materials,  1176 
Paints  in  bituminous  sub.,  i:<46 
Palladium— detection  of,  .184-385 
tests,  alk.,  NH.OH.  SO:,  CuCI,  Hg(CN),, 
KI,    H.S,    KNO.,    FeSO.,    NH.CI, 
Sn,  CI-,  red.  agts.,  etc.,  estimation, 
3S5 
estimation  in  gold  bar,  .t96 

in  refined  gold,  398 
gravimetric  methods,  386 
preparation  and  solution  of  sample,  385 
properties  of,  384 

aeparation  from  platinum  and  iridium, 
386 
silver,  gold,  platinum,  3S6 
Palladous  chloride  reagent,  1191 

iodide,  method  for  determining  iodine, 
2n9 
Palmer     and      Allen     modiRed     Gutzeit 

method  for  arsenic,  46 
Paris  white,  pnint  pigment,  118S 
Parr  and  Lindgren 's  method  for  nickel. 
236 
.   Pftrrodi-Mascazzini     electrolytic     method 
for  antimony,  modified.  24 
Parsons  and   Barnes'  method   for  gluei- 

Pat   for    determining    setting    1 


ndne 


1202 


nd  cement, 


Pats  showing  sound  and  nr 

after  steaming,   1202 
Patterson,  det.  of  mnngnncse,  300 
Peanut  oil  (see  under  Oils,  Fats,  Waxes), 

1138 
Pechard's  process  for  separating  molyb- 
denum from  tungsten,  559 
Pelouze,  traces  of  lead,  281 
Penfleid's  method  for  CO;.  109 
Pcnski-Matins  closed  flash  point  test,  1314 
Perborate  method  for  cobalt  dot.,  175 
Percarbonate,  dctermiu.  of.  126 
Perchlorate.  detection  of,  143 

determination  of,  152 

method  for  determining  potassium,  412 
Perchlorates  in  explosives,  1388 


Perchloric  acid,  determination  of,  15S 
of  in  presence  of  hydroehlorie  acid 
and  chloric  acid,  153 
Perchloric  acid  method  for  fluorine  distill., 

215 
Periodalcs,  determination  of,  244 

aud    iodales,    determination    of    in    a 
mixture,  244 
Permanent  standards  for  ammonia  deter- 
mination in  naler,  1415 
Permanganate  method  for  det.  copper,  195 
for  det.  nitrites,  358 
for  det.  oxalic  acid,  1059 
(or  det.  peroxides,  1491 
Permanganate  N/IO  reagent,  255 
test  for  nitrite.  138 
titration  of,  antimoDjr,  28 
barium,  65 
bismuth,  76 
calcium,  108.  1425 
chromium.   161 
formic  ncid.  1054 
gold.  231 
iron,    17,    18,    254,   374,    610,    1423, 

1207 
lead,  277 

manganese,  264.  302.  .304,  1426 
molybdenum,   319,   320 
nitrous  oxides,  1023,  1028,  1042 
pcroside,  15-10 
phosi.hnrus,  265,  369 
tannic  .icid.  1538 

uranium,'  581 

vanadium,  589,  S91,  595 

water  for  oxygen  consumed,  1417 
Permissible  explosives,  anaiy.  of,  1384 

qualitative  tests  for,  1385 
Peroxide,  detcrminntion  of,  1539 
method  for  chromium,  157 

formaldHivde.  1532 

titanium.  54,'^.  548 
Persulphate  alkali  titration,  508 
Persulphate    of    ammonium    method    for 

manganese,  305 
Persuljibate    method    for    manganese    in 

bronze,  1196 
Persulphate^,    ferrous    sulphate    method 
for   determining,   508 
oxalic  acid  method  for  determining.  508 
Petroleum  |>roducts  (se^  under  Oils,  Fats, 

Waxes).  1109 
Petroleum  naphtha  solubility  test,  1319 
Pelot  formuliB  for  det,  velocity  of  gases, 

707,  1235 
Phenyl,  detcrmn.  of  1059 
Phenolphthaleiu  indicator.  12 

preparation  of,  12,  1152 

uses  of.  1003,  1004 
Phenolsul phonic  acid  method  for  nitrates 

in  water.  1415 
reagent,  1415 


ncctutc  test  for  gold,  229 
PlilorO|;liiciil     mctlioil     for     furfurol    in 

acetic  acid,  1056 
Phoajihalo  baking  ponder,  ^05 

effect  on  alkalino  earth  dctcrini nations, 
57 
Phosphate  ropk,  decomposition  of,  36i 

annlj'sis  of,  371 
Phosphates  in  water,  1424 

and   phosphoric   acid,  arsenic  in,  50 

typical  analyses  of,  3611 
PhosphoT-hranze,  analysis   of,  1086 
Phosphoric  acid  ammonium  chloride  dia- 

tingulshing  copper  compounds,  209 
Phosphoric  acid  and  its  salts,  analysis  of, 

free,  vol.  det.  of,  375 
Phosphoric  acid,  effect  ou  aluminum  de- 
termination, S 
■in  phosphate  rock    372 

removal    of    from    aluminam     aolu- 

tables,  667.  1035 
Phosphorus,  detection  of  hydrophoaphor- 
ous  acid,  362 
meta  phosphoric  acid,  362 
ortho   phosphoric  acid,  362 
phosphorus  acid,  3C2 
pyro  phosphoric  aci<t,  362 
MtimatioD,  methods  cl  procedure,  gen- 
eral, 383 
gravimetric,   direot   precipitation   of 
ammonium      magnesium      phos- 
phate. 367 
U  magnesium  pyrophosphate,  367 
ai  phoaphomolybdate,  366 
Tolumetrle   methods,   alkali   titration 
of  phosphomolybdate,  368 
permanganate     titration      of     re- 
duced   phosphate,   369 
eatiraation.   special   methods,   determi- 
nation of  in  iron   and   steel,  265, 
364 
in  gun  metal.  1103-1106 
in     manganese,     phosphorus, 

bronze,  10B6 
in    molybdenite    anil    wulfenite, 

327 
in  tungsten  alloys.  570 
in  tunifHten  ores,  604 
occurrence,  363 

preparation   of   the   sample,   iron   ores, 
phosphate  rock,  minerals,  titanium- 
bearing  ores,  iron  anil  steel,  sniiihle 
phosphates,  baking  powder.  365 
separation     of     phosphorous     as     am- 
monium  phosphomolybdate.   36.'> 
Phosphorus   method   for   det,   oxygen   in 
gas,  1246 


pentoiide  absorption  bulb  for  moisture 
in  gases  (Fig.  134),  1275 
Photometry,  definitions,  708 
Physical  tests  of  water,  1410 

testing  of  cement,  1190 
Picric  acid,  eramination  of,  1392 
Fierce  metboil  for  selenium,  425 


Pigii 


I,  37 


Pigments  of  paint   (see  under  Paint  and 

Paint  Pigments),  1177 
Pipettes  for  gas  analysis,  1237 
Pisani'a  method  for  silver,  448 
Pitch,  see  bituminous  substances. 
Pitch  and  bitumen  in  ruhlier,  13.18 

carbon  in  coal  tar,  13SS 
Pitman    on    dii    Pont    nitrometer    (ref.), 

354 
Pilot  tube  (Fig.  113),  1234 
Plaster  of  Paris,  105 
Platinum,  detection  of,  376 

by  KI,  H.S,  NH.Ci.  KCI,  FeSO.,  SnCl„ 

NaOn,  red.  agts.,  etc.,  376 
estimation  of.  377 

gravimetric  methods  for — as  met.  Pt, 


mple, 


.  377 
preparation  and  solution  of  the  si 
ores,  .378 
platinum  scrap,  378 
small  amounts  of  jdatinum  in  pres- 
ence of   large  amounts  of  iron, 
magnesia,  etc.,  378 
properties  of,  376 
separation   from  gold,  379 
from  iridium,  379 
from  osmium,  380 
from  palladium,  379 
from  rhodium,  380 
from  ruthenium,  380 
solubility  of  the  element,  377 
special  methorls,   platinum  ores,  381 
assay  mothods  for  platinum   orea, 


Bubslant 


395 


taniined  for  platinum, 377 
i-iaimum  nicial  group,  382 
Platinum  and  palladium  in  gold  bar  (re- 
fined), 396,  398 
in  copper  anode  slimes,  397 
in  silver  (refined).  397 
wire,  turbidity  dot.  in  water,  1410 
PlumtMigo — see  Rraphilo 
Polymerization  in  analysis  of  turpentine, 

1173 
Polymerized   oils   and   resins,   separation 

of.  1175 
Portland  cement,  analysis  of,  1206-1209 
rapid  method  of  analysis.  1209 
U.  8.  (lov.  speciHcations  for  flneneas, 
1198 
Potash,  1063,  1066 


Fotassiuin,  detection  of,  401 
estimation,  general  jirocedurea: 

^avimetric,   cblor-platinHtB   method, 

modified,  411 
dndirect  method,  413 
Lind 0-01  adding   method,   412 
perohl  orate  method,  412 
special    methods,    alkali    determina- 
tion   in    ailicateB,    J.    Lawrence 
Smith  method,  416 
lithium,  potassium  &nd  sodium  in 
presence  of  one  another,  416 
magnesium,  potassium  and  »odium 
in  presence  of,  413 
preparation  ot   the  sample,  fertilisers, 
soils,    plant    ash,   saline    residues, 
soluble   salts,   rocks   and   insoluble 
mineral  products,  404,  405  ~_ 
separation  from  hydrogen  sulphide  and 
ammonium    sulphide    groups,    405 
from     aluminum,     chromium,     iron, 
barium,      calcium,     strontium, 
phosphoric  and  sulphuric  acids, 
etc,  in  one  operation,  407 


phosphor!  I 


from     all 

titanium, 
acid,  406 
from  barium,  calcium,  strontium,  406 
from  boric  «cid,  407 
from    magnesium,   ammonium    phos- 
phate method,  408 
barium  hydroiide  method.  407 
mercuric  oside  method,  407 
from  sulphates,  406 
alkali  metals  from  one  another,  408 
PotaBsium  cyanide  moth,  for  nickel,  336a 
Potassium    hydroxide,    alcoholic    ext.    ot 
rubber,  1365 
analysis  of,  1063 
Potassium   iodide   starch   test   for  nitro- 
cellulose, 1401 
Potassium    iodate   det.    of   arsenic,   44 
Potassium,     separation,     potassium     and 
sodium  from  lithium,  40S 
potassium,   rubidium,   and   casium 
from  litbium  and  sodium,  408 
Potassium    antimonyl   tartrate   otandard 


,  29 


bromate  soUition  N/IO,   25 
method  for  antimony,  25 
bromide,  crude,  analysis  of,  96 
and   sodium   carbonates   and   hydrates, 
in    presence    of   one   another,    de- 
termination of,  1066 
acid     sulphate      (bisulphate),     fusion 
with.  248,  330 
fusion  of  monazite,  522 
carbonate,  fusion  with,  24S 
chloride  test  for  platinum,  376 
test  for  iridium,  3T7 


cyanide  metbod  for  copper,  194 
dichrom&te  method  for  iron,  253 
etbyl     lanthate     method      for     snail 

amounts  of  copper,  197 
ferricyanide  test  for  ferrous  iron,  S4tt 
ferrocyanide  reagent,  600,  602,  604 

test  for  ferric  iron,  246 
fluoride  method  for  aiumina  in  aliuni- 
Qum  salts,  12 

reagent,  12 
hydroxide,  test  for  iron,  246 

test  for  rhodium,  390 

test  for  ruthenium,  387 
iodide  method  for  bismuth,  78 
for  chromium,  161 


test  for  palladium,  384 
for  platinum,  376 
for  tellurium,  426 
nitrite  method  for  cobalt,  169 
standard  solution,  34S 
te.°t  for  cobalt,  160 
for  palladium,  385 
for  rhodium,  390 
permanganate.    See  Permanganata. 
method  for  phosphorus,  3& 
N/10  solution,  389 
reagent   oxygen  consumed  in   water, 
1417 
pyrogallate    det,  oxygen  with,  1247 

reagent  for  gas  analysis,  1279 
aodium  and  magnesium,  determinatian 
of,  in  presence  of  one  another,  413 
sulphate,  estimation   of   potassium   as 

410 
sulphoeyanate  test   for  cobalt,   166 
for  iron,  246 
Powder — explosive,  see  Explosives 
Praseodymium,   134,   135 

isolation  of,  137 
Precipitation   apparatus  for  sulphur   de- 
termination (Fig.  61,  62),  497 
Preliminary  tests  for  alkaline  earths,  58 
Preparation  nud  solution  of  the  sample. 
See  chapter  on  element  in  question. 
Presetvatii-es  in  butter,  1144 
Price  and  Meade,  det.  of  brass,  1073 
Primers,  table  Of,  1398 
Pringsheim  'a    method    for    halogens    in 

organic  matter,   146 
Priater'a  method  for  gold,  233 
Producer  and  fuel  gases,   1255 
Proof  gold,  preparation  of,  234 
Properties  of  compounds.  Part  11  table, 

es3 

of      elements      and      compounds.     Bee 
chapter  of  element  in  question. 
Protein  in  rubber,  1355 
Prussian  blue,  1194 
Pulp,  zinc,  moisture   in,  598 
Pumps,  suction,  1232 


Pjenometer,  sp.  gi.  bitnmin.  sob.,  1296 

*p.  gr.  det.,  1493,  1494 
Pjridiiie  in  ammonium  nitrate,  360 
P7rite  ores,  105,  178,  273,  2M 
PTTOgallale  of  potasainm,  reagent,  1279 
T^TOpbospborie  acid,  test  for,  362 


lUdioactivitj  of  thoriimi,  G2E 
Radium,  det.  and  deter.,  419,  1558 
Bammelsberg    method    for    determining 

lithium,  415 
Rapeeeed  oil,  1139 
Bapid   methods   for   copper    (electrolytic 

determination],  187 
Bare  earths,  detection  of,  134 
Mtimation,   gravimetric,  137 
occurrence  of ,  135 
preparation  of  the  aample,  136 
•eparatioQ,  chart  for,  141 

from  iron,  alumiuum,  tborium,  136 
from  other  elements,  137 
Rarer    element!   of   the   allied   platinum 

metali,  383 
BaKhig's  method  for  det,  hjdroijlamine, 
352 
method  for  sulphur,  507 
Rathke,  loss  of  selenium   (note),  422 
Beaetiona,  tables  of,  S32,  653 
Reagents : 
neetBldeh;de,  1523 
acetic  anhydride,  1533 
acid  mixture  for  silica  determination  in 

aluminum,  IS 
alcohol  for  oil  analysis,  1131 
aldehyde  fr«e.  1523 
•Haarine   8   for   aluminum   det.,   14 
alkaline   potassium   permanganate    for 
det.    of    albuminoid     animonia, 
1413 
tartrate  solution,  lead  det.,  262 
alpha-bsniil   dioxime,   nickel   det.,   346 
ammonium  acetate,  lead  extraction,  280 
ammonium  chloride  solution  for  det.  of 
animonia  in  water,   1412 
citrate  solution,  lead  det.,  282 
molvbdatB  solution,  vol.  det.  of  lead, 
277 
det.  of  phosphorus,  363 
of  phosphorus  in  water,  1424 
oxalate   solution,    oxygen    consumed 

in  water  analysis,  1417 
persulphate  for  manganese  del.,  1426 
sulpbocyanate     sol.,     eolorimetric 
method  for  iron,  258,  610 
amino-nitrosophenyl-liydroxTiamine  sol. 
A      for  det.  iron,  2S0 
aatimonyl  chloride  solution,  25,  47 


antimony  det  soli.,  30 
arsenite,  N/10  solution,  28,  240 

d  solution,  det.  manganese. 


azolitmin  solution,  1458 

Baudisch's  reagent  for   det.  iron,  250 

benzidine    hydrochloride   for   det.    sul- 
phates, 507,  1427 

benioic  acid  standard,  acidimetry  and 
alkalimetry,  1008 

bismuth  standard  solution  for  det.  bis- 
muth, 77,  78 

biamutbate    of   sodium    for   deL   man- 
ganese, 301 

brilliant -green     lactose-peptone     bile, 
1460 

bromine- potassium -bromide      sol.      for 
oxidizing  sulphides,  408 

bromine,  11  SI 

cadmium  chloride  sol.  evolution  method 
for  sulphur,  34S 

calcium  chloride  sol.   det.  hardness  in 
water,  1434 

carbon  dioxide,  preparation,  acidimetry 
and  alkalimetry,  1008 

chlorine   frater    standard   solution    for 
det.  bromine,  95 

chromic  acid  for  det.  SO,  in  ^s,  1267 

citric  acid,  solution  for  calcium  det., 
lOS 

einchouine    potassium     iodide,    eolori- 
metric det.  of  bismuth,  77,  78 
reagt.  for  tungsten  det.,  560 
det.  tun^en,  497,  509 

color  solution  for  det.  traces  of  lead, 
282 

color  solution  permanent  standard  for 
det.  nitrites  in  water,  545 
for  det.  fluorine,  220 

copper  standard  solution,  copper  analy- 
sis, 165,  166,  193,  197,  198 

copper  sulphate  standard  solution,  det. 
hydrocyauie  acid,  13] 

cupferron  reagent  for  det.  iron,  2S0 

eupric  potassium   chloride  for  separa- 
tion of  carbon  from  steel,  111 

cnprous  chloride,  acid,  for  det.  CO  in 
gas,  1268 
ammoniacal  for  det.  CO  in  gas,  1278 

Devarda  alloy  for  reduction  of  nitrates, 
346 

dlchromate    of    potassium    N/10    and 
N/5  solutions  for  iron  det.,  232 

dimetbylglyoxime  reagents   for   nickel 
det.,  333 

diphenylcarbazide    for  chromium   det., 
132 
reducing  mixture  for  sulphates,  evo- 
lution method.  S02 

Endow '■  medium,  1459 

Fehliug's  solution,  II59 


Beagenia — ferric  ammoninm  sulphate,  for 
titanium  det.,  544 
ferric   chloride   solution    for   <]et.    tin, 
538 
chloride  solution  for  det,  tin,  530 
indicator  for  det.  chromates,  149 
for  Voltiard  'a  method  for  silver,  442 
nitrate  soJution  for  zinc  analjaia,  602 
ferricjanide  of  potassium  indicator  for 

iron  titration,  253 
ferrocf  anide  of  potasaium  standard  so- 
lution, zinc  analysia.  6M,  602,  604 
ferrous  ammouium  sulphate  for  iron  in 

water,  1423 
for  glycerol  det.,  1536 
ferrous  sulphate   for  nitric   acid   test, 
337 
N/10  sol.,  for  det.  bHrium,  65 
reagent  for  mangaucae  det.,  301 
for  det.  nitric  acid,  1025 
fluorine,  standard  solution  for  fluorine 

det.,  220 
fnehdn-suli^ite.  1523 
fuming  Huli^uric  aeid,  127B 
gas  analysia  reagents,  list  of.  127S 
glacial    acetic    acid,    see    Oils,    Fats, 

Waiea.    Reagents,  1151 
glycerol,  det.   boric  acid,  S7 
Hesse 'a  a^ar,  1460 
hydrochloric   acid,   preparation   of   ar- 

seiiic,  free,  49 
hydrochloric  acid,   standard   sol.,   1007 

for  oil  analysia  N/2,  1152 
hydrogen    peroxide    for   titanium   det,, 
546 
for  gas  analysis,  127S 
far  n-ater  analysis,  1426 
iodate  N/10   solution   for   det.   iodine, 

242 
iodide   sol.   for  det,   oxygen   in   water, 

14.12 
iodine  N/10  reagent,  28 
for  oil  analysis,  1152 
solution  for  del.  tin,  533 
iron  standard  solution  for  standardiza- 
tion    of     stannous     chloride 
reagent,  257,  2.'J8 
for  col.  method  of  iron  in  spelter, 
611 
iron  in  water,  1423 
lead  acetate  cotton,  autimony  dot.,  30 
lead  acetate  for  molybdenum  det.,  316 
reagent  for  oil  analysis,  1152 
acid  solution,  zinc  analysis,  610 
standard   solution    (or    col.    det.    of 

lead,  282 
subacetate,  1536 
litmus-lactose  agar,  1459 
magnesia  miiture,  328      ' 


manganous  sulphate  solution  far  deL 

dissolved  oxygen  in  water,  1431 
mannitol,  boric  acid  det.,  87 
mercuric  chloride  test  paper  for  anti- 
mony det.,  30 
for  arsenic  det.,  47 
mercury  for  gas  burettes,  1267.  1279 
methyl  orange  indicator,  26,  347 

red  indicator,  347 
methyl-violet  test  paper,  1403 
napbthylamine  acetate  solution  for  det. 

nitrites  in   water,  J4U 
Nessler  's    solution,    ammonia    det.    in 

water,  1412 
nitrate  standard  solution,  1416 
nitric  acid,  pure,  149 
nitric  acid,  N/10  solution,  368 
nitrosul phonic  acid  for  elaidin  test  of 

oils,  1152 
nitrous  acid   solution  for   decomposing 

iodides,  242 
nutrient  agar,  1458 
nutrient  hrotb,  1457 
nutrient  gelatin,  1458 
oils,  fats,  and   waies,  list  of  reagents 

for  examination  of,  1151 
permanganate   solution   for  manganese 
det.,  301,  307 
N/10  solution  for  det.   of  iron,  255 
solution  for  det.  of  oxygen  consumed 
in  water,  1417 
peroxide  solution  for  det.  titanium, 548 
phenolphthaleiu  indicator,  12,  1152 
phenolsulphonie    acid    for   dot.   of   ni- 
trates in  water,  1415 
phosphate  standard  solution  for  phos- 
phates in  water,  1424 
potassium   autimouyl  tartrate  solution 
for  det.  antimony,  29 
bromate  N/IO  solution  antimonv  d«t., 

25 
chromate   indicator,   1417 
c;ranide  aolutiou  for  copper  det.,  194 
dicbromate    reagent    for    iron    det.. 


253 
ferrocyanide  for  det.  copper,  186 

for  line  det.,  602 
fluoride   for  free  acid  in   aluminum 

salts,  12 
hydrate  for  oil  analysis,  1152 
iodide  for  det.  bismuth,  78 
nitrate  standard.  ^46 
permanganate   N/IO    sol.,    2E4,   369 
proof  gold,  preparation   of,  234 
pyrogallatc    of   potassium   for   oxygen 

det.  in  gas,  1279 
reducing  agents,  70,  152,  156,  177,  251, 

261,  420,  421 
Russell's  media,  1460,  1468 


Reagents — salicylic     acid      rrsKrnt     for 

-traces  of   iron   det.,   239 
■alt  sujut.du  for  clilorioe  dct.  in  water, 

1417 
filvpr  carbonalc.  1.136 
Bilvcr  nitrate,  N.'IO  solution,  149,  150 
EOlutioii  for  det.  olilorine  in  water, 
1417 
ailvrr  nitrite,  allmline,  1523 

lireparatiuti   of  the  |iurc  metal,  448 
standard  solution,  443 
toa|i  stanilard  solution  for  dct.  bard- 

ii<?93  in  water,  14:t4 
sodium   arsenite.     See   Arscnous   Aetil. 
biMnutliate  for  det.  manga ue^e,  :i01 
carbonate  staiidord  solution  for  CO, 
det.  in  water,  1420 
prejiaration  of  pure  salt,  1003 
hydroxide  N/10  solution,  368 

for  Devarda  method,  347 
or    potassium     hjdroxiilc     reagents, 

water  analysis,  1416 
metal)isulphite,    method    of    [iroduc- 

tioD,  2S5 
nitrite  aotution,  nitrite  det.  in  water, 

1414 
hydroiide,    det.    nitrates    in    vater, 
1416 
Btains,    standard    (colored    plate) ,    46 
antimony   det.,  31 
arsenic  det.,  47 
•ulpbur  del.,  520 
atAnnoas    chloride     solution    for    dat. 

ferric  iron,  253,  257 
atuch   solution,  241,  501,   1152,   1279, 

1432 
nibaeetate  of  lead,  1S36 
aulphanilic   acid  solution   for   det.   ni- 
trites in  water,  1414 
aulphocyanate  for  colorimetrlc  det.  of 

iron,  258,  611 
■ulpburic  acid  standard  solution,  1007 

for  ammonia  det.,  346 
tartnte,  alkaline  solution  of,  for  det. 

tneei  of  lead,  282 
taudM   indicator,    Aleioodrr's   molyb' 

dat«  method  for  lend,  277 
teat  Kagts  for  linseed  oil,  1167 
thionauate  of  ammonium  or  potassium 

N/10  solution,  149 
tbioanlphate  of  sodium  for  det.  of  cop- 
per, 20S 
N/lOO  solution,  water  analysis,  1432 
for   pot,   iodide   method   for   cop- 
per, 193,  195 
N/IO  solution,  240,  1152,  1279 
N/10  solution,   240.   1152,   1279 
tin,  standard  solution  of,  533 
dtaaium,    standard    solution     of,    far 
fluorine  det.,  220 
for  titanium  det.,  546,  S48 
thymol  aolulion  for  titaniom  det.,  551 


)EX  37 

Wagner's  solution,  calcium  det.,  106 
Red  leail,  lead  peruxide  in,  290 
Bed  lead  metiiod  lor  manganese,  306 
Reduelion    of    iron    compounds,    method 
for,  251 
method  for  nltrale.x,  341,  346 
Rcductor,  Jones,  256,  319,  320 
Redwood,   viscosity   of  oils    (notel,  1115 
Refracliv«   index,   animal   and   vegetable 
oils,  1125 
Chinese  wood  oil,  1169 
turpentine,  1173 
Refractory   materials,  decomposition   for 

chromium   determination,   157 
Hefr.ncto meter,  Ai)l)t',  1125 
Reich  method  for  SOi  in  gas,  apparatus 

for  (Fig.  130),  126.1 
Reiehcrt-Meissl  number,  butter  fnt,  1H3 
Renard's  test  for  peanut  oil,  1138 
Residue,  total  solid,  in  water,  1419 
Resinates  in  paint  vehicles,  1163 
Resins   and   polymerized   oils,   separation 

of,  1175 
Resins  in  explosives,  J.177 

in  rubber.  135,'-),  1389 
Rhodium— .letcet  ion  of,  389 

by  H,S,  KOH,  NH.OH,  KNO^  Zn, 

red,  agts. 
estimation,  390 

gravimetric  methods,  .192 
preparation  and  sol.  of  sample,  390 
separation  from  iridium,  .301 

palladium,  platinum  and  ruthinium, 
391 
Richard's  jet  pump  (Fig.  109),  1233 
Riche  and  Bardy  method  for  det.  methyl 

alcohol,  1531 
Rickett  's  overflow  pipette,  444 
Riehl^  automatic  cement- testing  machine, 

(Fig.  101),   1204 
Riffle,  sampling  of  copper,  190 
Ring  and  Kill  method,  fusing  point,  1308 
Roark    and    McDonnell,    arsenic    separa- 
tion, .37 
Robert 's   analysis   for   r  op  per   and   lead, 

207 
Rolwrt  '8  L.  D.  Radium  chapter,  1558 
Robin's  test  for  lioron,  87 
Rock,  phosphate,  analysis  of,  255 
Boofings,  exam,  of,  1332 
Roscoe  's  lead   acetate  method  for  vana- 
dium, 588 
Rose's  method  for  determining  bismuth. 


76 


method    for    ■ 


metal,  analysis  of  (see  Alloys),  1079 

selenium  loss  by  heal,  422 
Bosenbladt  and  Gooch,  method  for  boron, 

84 
Rosendale  cement,  analysis  of,  1214 


Koaeastein  's  method  for  sulphur  in  rub- 

b«r,  1368 
Bosin  in  soap,  1158 

LielierniHu  Storch  te?t,  m9 
Bosiu   oil   (see  subject  under  Oila,  Fat3, 

Wflies),   1139 
Rotameter  (Fig.  114),  1235 
Bowel] 's  methail  for  aatiuion;,  25 
Rubber,  analysis,  1^51-1371 
aeetone  citraetion  o(,  1363 
■ciditj  in,  1358 

aleoholic  KOH  eitraction  of,  1365 
analjais  of,  1351-1371 
Alexander 'a  method,  1356 
Budde's  method.  1356 
Henrique's  method.  1369 
Spence's  method.  1353 
■ntiroonj  and  mereurj  in,  1368 
bitumeu  and  pitch  in,  135S 
carbon  in,  1367 
eoromercial  evaluation  of,  1352 
compounding  materieU  in.  1359 
constituent,  essential  of,  1351 
crude,  analysis  of,  1352 
estimation — Hubner's   method,   1367 

of  raw  rubber,  1352 
fillers— organic  in,  1357 
Kutta  percba  and  balate,  1369 
mechanical  goods,  136S 
mineral  matter  in,  1366 
outline  table  of  analysis.  1364.  1370 
oxidation  method,  vutc.  rub.,  1363 
protein  in,  1.355 
roainin,  1352, 1.355 
saponifioble  matter  in,  1357 
aolutions,  ai.aly.  of.  1367 
solrents,  eiamination,  1361 
«peci(ic  gravity  of,  1362 
sulphur  in.  1357 
tacltinesa  in,  1352 

\-ulcani»ed,  examination  of.  1362.  1363 
naste  and  reclaim,  analy.  of,  1358 
Bubber  goods,  antimony  in,  2t 
Bubidium,  detection   of,  402 

separations,   408 
BudorH  's   appiaratus   for   carbon   dioxide 

in  gas  (Pig.  128),  1263 
Hutheninm,  detection  of,  387 

by  KOH.  H.S.  (NH,).8.  Zn,  KCN3, 

AgNO„  HgNO,,  ZuCl;,  KI. 
estimation,  387 

gravimetric  methods.  389 
separations  from  iridium  and  plati- 
num. 388 
from  rhodium,  389 

Salaa.  L.  E.,  on  rubber  analysis,  1351- 
1371 
tin  presence  of  in  silver  determination, 
446 
Salicylic  acid  method  for  small  amounts 
of  iron,  250 
test  for  iron,  246 


Saline  residues,  preparation  of,  for  al- 
kali det.,  405 
Salt,  standard  solution,  1417 

analysis  of  table,  419 
Sam|din2  apparatus  for  gaa,  aee  chapter 

on  Oas,  1231 
Sampling — general     methods    of,    1491- 
1519 
Introduction,  1491 
Gases — apparatus,  1515,  1516 
general  considerations,  1516 
grab  sample,  taking  of,  1517 
Liquids,  apparatus,  1509 
in  motion,  sampling  of.  1511 
special  liquids,  samplinft  of.  1513 
Solids — apparatus    for    reduction    and 
preparation,  1500 
collection  of  gross  aample,  1492 
containers      for      sbipraent      to 

lab.,  1506 
drying  ovens  for  moisture  det., 

1506 
mixing    and    dividing    samples, 

1504 
reduction    and    preparation    of, 

1496 
cone  and  quartering  of.  1498 
long  pile  and  alternate  shovel, 

1407 
unit  of,   1491 
sieves  standard.  ].'504 
vacuum  ovens,  1507 
special  methods.    See  subjects  through- 
out text. 
Band,  analysis  of,  438 

silica  in,  438 
Sanger,  method  for  traces  of  antimony, 

modified,  28 
Sanitary  analysis  of  water,  1410.  1442- 

14S3 
SaponiRable  matter  in  rubtter.  13.'>7 
SaponiHcation  number  in  analysis  of  oil, 

1131,   1169 
Savcll,  chapter  on  colinlt,  166 

Saybolt  viscosimeter,  1115 
Saybolt  to  Engler  times  conversion  table, 
1151 
to    Redwood    times    conversion    table, 
1151 
Scale  in  water,  1439 
Scandium,  134,  135 

Scbaeffer  and  Ganlner  chapter  on  Analy- 
sis of  Paints,  116) 
Scheelite,  analysis  of,  564 
Scheibter  and  Dietrich  determination  of, 

carbon  (reference),  125 
SchmatoUa   titration   of    aluminoin   salts 

<ref.).  11 
Schmiti,  method  for  antimony  in  rubber 
goods,  21 
for  magnesium  determination,  293 


Sehroetter's  alkali  meter,  124 

Bcott,  apparatus,  hjJragen  sulphide  gen- 
erator, 42 
eouveraion  tables — elements  anl 
cotiipouiids  XVIII,  683-698 
beam  test  of  gases  for  det.  dust,  1G54 
evolution,   for   sulphur   delermi- 
nation  in  steel,  543 
(and  Briggs),  mortified  Orsat  for 
80.  gns  aeterminBtion,  1267 
chapters  by.     See  Table  of  Contents, 

formuln    for    gaa    velocity    det.,    707, 

method^!,    fluoride    method    for    free 

aetd  in  aluminium  salts.  12 
lead,  determination  of  traces  by  ace- 
tate eitraetion,  279 
(and    Bonman),    nitric    aeid;   de- 
termination of,  with  ferrouB 
sulphate,  1024 
sulphur,  combustion  method  for, 
547 
Seamon  's   volumetric   method   for   deter- 
mining mercury,  312 
Sedgwick -Rafter  wnter  eiamination,  1445 
Seeker -Clayton  method,  modified,  for  det. 

traces  of  lead,  281 
Seidell,  A.,  on  det.  solubility  of  sub.,  1469 
Selenium,  eommercinl,  analy.  of,  328 

in  sulphuric  acid.  det..  1039 
Selenium,  detection  of,  420 
estimation,  gravimetrie  methods: 

reduction  vrith  potassium  iodide,  426 
by  reduction  with  SO.-.  424 
volumetric  method.  427 
estimation,  special  methods  in   refined 
copper,  202,  429 
In  commercial  selenium,  428 
o««irrence,  421 
preparation  and  solution  of  the  sample, 

separation  of  selenium  and  tellurium 
from  iron,  liue  and  other  members 
of  the  group,  and  from  the  alka- 
lies and  alkaline  earths,  422 
from  copper,  cadmium,  bismuth,  sil- 
ver, and  gold,  42.1 
from  tellurium  by  Keller's  method 
and  by  distillation  method,  423 
and    tellurium,    determination     nf    in 
copper,  202,  203,  429 
apparatus  for  separating  (Fig.  57), 
424 
solubilities,  422 
SeUers,  W.  S.,  on  tin  analysis.  525 

apparatus  for  tin  det..  535 
Semi-drying  oils,  list  of,  1146 
Separations.  See  uuder  name  of  element 

to  b«  isolated. 
Separations  of  copper  compounds,  208 
general  procedure  for  iron,  248 


of  metals— <]Dalita live  table  of,  628- 
G29 
Separatory    funnel    and   graduate    (Fig. 

130),  1236 
Sesame  oil  (see  under  Oils,  Fats,  Waxes), 

1139 
Setting  time  for  cement,  1201 
Shnle  oi!,  valuulion  of  sh.ile,  1350 
Shelton  's  method  for  traces  of  antimony, 

29 
Shields '  formula,  1255 
Shinier 's   combustion   apparatus   for   de- 
termining carbon,  116 
method   of   analysis   of   cement   rocks, 
1214 
Sieves,  st.-indard,  1504-1505 
Silica  in  anenons  oilde,  53 
in  barium  ores,  67 
in  iron  aud  steel,  4.35 
in  hydrochloric  acid.  1014 
in  paint  pigments,  1187 
in  Portland  cement,  1206 
in  sand,  438 
in  sodium  fluoride,  224 
in  titaniferous  ores,  532 
ultramarine  blue,  1193 


in  V 


1422 


of,  in  sulphur  det.,  497 
Silicates,  alkalies  in,  J.  Lawrence  Smith 
method   416 
decomposition  of  for  fluorine  delermi- 


4S3 
materials    high    in,    decomposition    for 
chromium   determination,   157 
Silicate  of  soda,  analysis  of,  437 
Sllico-fluoride  te^t  for  potassium,  404 
Silicou,  detection  of,  431 
errors,  causes  of,  432 
estimation,   method    of   determination, 
general   procedure,  436 
special  procedures: 

determination    in   metallic   alumi- 


I,  16 
combined    silicon    1 

steel,  267,  268 
graphitic  silicon  in  aluminum,  V, 
tungsten  metal  and  alloys,  572 


preparation  and  solution  of  the  sample, 
general   considerations,  4.32 
decomposition  of  silicates  with  acids, 

fusion  methods  for  silicates  not  de- 
composed by  acids,  434 

methods  for  iiecom[>osition  of  car- 
bide and  carborundum,  ferro- 
silicon,  iron  and  sleel  for  silicon, 
slags  and  roasted  ores,  sulphides 
and  pyrites,  chromium,  molyb- 
denum and  tungiten  ateels,  435 


Silver  arsenate  niptho<l  far  det.  arsenie,  4S 
Silver,  detection  of.  439 

estimation,   general   i>rocei1urM: 

gravimetric,    by    electrolytic    deposi- 
tion, 441 
as  silver  chloride,  440 
as  silver  cyanide,  441 
volumetric,  combination  methods: 
Denied 's  cyanide  method,  447 
Gay-LussBC  method,  443 
miscellaneous  methods,  448 
nephelometric  method,  384,  448 
Volhard  'a    method    with    thiocya- 
Date,  443 
special    procedure    for    determining 
silver  iu  lead,  2S6 
occurrence,  440 

preparation  of  pure  silver,  448 
Silver,   refined,   platinum   and    patladiuin 
in.  297 


^,  45 

carbonate  rengent.  1536 
bromide,  precijiitation  of,  94 
chloride,  precipitation  of,  148 
cyanide,  determination  of  silver  as,  4 
ehromate  method  for  chlorine,  150 
iodide  method  for  iodine,  239 
nitrate  detection   of  bromine,  9S 
method  for  chlorine.  148 


for  B 


,  492 


standard  solution,  1417 
■  N/10  solution,  149,   150 
volumetric  method  for  sikniies.  418 
paper  for  traces  of  antimony,  29 
test  for  chlorine.  142 
nitrite  rengcnt   (nlknline),  1523 
thioeyanate  method  for  bromine.  95 
-ferric  alum  method  for  chlorine,  149 
Silver-sulphnte-aiilphuroua    acid    method 

for  disting.  copper  compounds,  208 
Simpson's  process  for  ojiening  up  litani- 

feroiis  minerals,  576 
Skinner    and    Baughman    on    iodine    in 

water,  245 
Skinner,  W.  W..  97 
Skowronski,  S.,  det.  Pt  and  Pd  in  refined 

gold,  398 
Slag   (matte),  decomposition  of  for  cop- 
per determinntion.  17S 
and  silicioua  ores,  decomposition  of  for 

fluorine  determination.  214 
decomposition  of  for  manganese  deter- 
minntion, 296 
decomposition  of  for  siliea  determina- 
tion, 4.15 
Sling  psyehrometer,  1272 
Slow    method     for    cojiper     (electrolytic 

det.),  188 
Smith,   E.   F.,  electro  analysis   of   plati- 
num, 329 


Smith,  F,  H.,  method  for  analy.  of  phot- 

pfaoric  compds.,  1033 
Smith,  J.  L.,  alkali  ilet.,  416 
Smoke  in  chimney  gases,  1255 
Smokeless  powder,  aualy.  of,  1404 
Smool,  A.  M.,  en  molybdenum,  313,  322 

on  tungsten,  554,  560 
Snake  weighing  tube,  1011 
Soap,  detection  of  in  lubricating  oil,  1121 
Soap,  liar,  liquid,  powder  and  chips,  1154 
samj.lingof,  1153 
analysis  of.  1153-1160 

alkali  combined,  neutral  soapi,  fatty 

nnhyilride,  1154 
alkali  free,  free  acid,  free  carb..  sili- 
cate,   borai.    phosphate,   starch, 
etc..  in.  1135-1156 
alcohol  insoluble,  analy.  of,  1156 
chloride  in,  1156 

moisture  and  volatile  matter,  1156 
rosin — Twitchell's  and  Wolff's  meth- 
ods, 1158 
sugar  in,  1153 

unsapotiilied  and  unsaponifiable  mat- 
ter, ether  and  gasoline  methods, 
1157 
water  soluble  and  insoluble  matter, 
1157 
Soda  ash,  analysis  of,  1064 
Soda,  value  for  in  water  analysis,  1436 
Sodium,  detection  of.  401 

estimation,   general   procedures; 
difference  method,  410 
indirect  method,  413 
aodium    chloride,    determination    as, 
409 
sulphate,  determination   of.  409 
potassium  and  lithium  in  presence  of 
one   another,    determination    of, 


termination  of,  413 
estimation,  special  procedures: 

sodium  and  potassium  in  water.  1427 
prejiarntion  and  solution  of  the  sample, 

404 
separation    from     potassium,    lithium, 
rubidium  and  caesium,  405 
Sodium  carbonate,  analysis  of,  1064.  1066 
Sodium  carbonate,  fusion  test  of  silicates, 
431 
fusion  with,  248 
-in  sodium  fluoride,  223 
or   bicarbonate,    fusion   of   silicates, 

434 
determination   in   presence  of  acids 

of  sulphur,  S15 
preparation  of  the  pure  salt,  1005 


Sodinm  eliloride — det.  in  presence  of  S 

comps.,  415 
in  silicate  of  soda,  438 
in  table  salt,  419 
fluoride,  Bnaljsis  of,  22S 
in  hydrosulpbide,  413 
in  sodium  fluoride,  224 
in  sodium  oilrate,  349 
Bodium  bydrosulphite,  det.  of,  516 
Sodium  hydroiidc,  alcoholic  aolutloii,  1168 
analjsis  of,  1062 
specific  gravity  table,  1068 
standard  solution  of,  1167 
bjdroiide  fusion  of  ores,  20 
of  tin  ores,  527 
test  for  platinum,  377 
N/10  reagent   for  pbospborua  deter- 
mination, 368 
table,  676,  1068 
metahisulphite,  alliali  titration  of,  513 
determination  in  presence  of  carbon- 
ales,    chlorides,    sulphates,    sul- 
phites,  thiosutpliBles,   515. 
nitrite  standard  solution,  1414 
oxide,  determination  in  silicate  of  soda, 
437 


157 

method  for  halogens  in  organic  mat- 
ter.   146 

method  for  decomposition  of  or)^nic 
matter,  146 
see  also  under  Poroside 


fnsio 


of  t 


1,  527 


ter  o 


,  401 


snil  potas.'<iuni  in  water,  1427 
pyroantimonale,  test  of  sodinm  as,  401 
pyrogaltate,  oxygen  det.  with    (note), 
1246 
Sodinm  salts  in  tetryl,  1395 

•olphate,  estimation  of  sodium  as,  406 
in  sodium  fluoride,  223 
in  sodium  nitrate,  349 
test  for  strontium,  489 
Sodinm  sulphide,  availnlile  HS  in.  509 
sniphite,  acid  titration  of,  412,  514 
determination  of  in  pre-iencc  of  car- 
bonates,    chlorides,     metahisul- 
pbiteB,    sulphates    and    thiosul- 
phates,  514 
thiosulphate,    detection    of     aluminum 
with,  3 
determination   of  aluminum   with,  9 
determination  of.  In  presence  of  car- 
bonates,    chlorides,     metabisul- 
phites,   sulphates   and  sulphites, 
514 


N/IO   Bolotion   of,  240,   1152,   1190, 

1279 

test  for  molybdenum,  313 

Softening  of  water,  1439 

Soils,  nitrogen  in,  .3,'iO 

Solder,  antimony  in,  25 

soft,  analysis  of  arsenic,  iron,  lead,  tin 
and  zinc,  1077,  1079 
Solenoid  a|iparatus,  electrolysis  of  cop- 
per, 187 
method  of  Heath  for  det.  copper,  187 
Sol  id  i  flea  ti  on    points    in    explosives,    see 

subj,,  1.'191,  1392 
Solid  phase,  identiHcation  of,  1480 
Solids  in  explosives,  separation  of,  1385 
sampling  of,  1491 
metals  in  acetic  acid,  1057 
in  water,  1421 

non-volatile  iu  nitric  acid,  1024 
Solubilities,   elements,   their    oxides   and 
salts,  given  under  Estimation.     See 

Solubility— chapter   on,   1469-1490 
qualitative  table  of,  654 
MeDaniel  method,  1488 
det.  apparatus.  1470-1479,  148B 
distriimtion  coetBcients,  1486 
electrolytic  conductivity  method,  1486 
freeing  jioint  method,  1483 
of  gases  in  liquids,  1487 
saturated  solution,  analysis  of,  1480 
synthetic  method,  14S2 
solid  phase  identification  of,  1480 
separation    of    saturated    sol.    from 
solid,  1480 
'  titration  method,  1484 
volume  change  method,  1484 
table  of  metallic  compounds,  654 
Solutions — see  reagents 
Soundness   or    constancy    of    volume    of 

cement,  1202 
Specific   gravity — bituminous   substances, 
120.1-1297 
charts  of  sulphuric  acid,  1036 
definition   and   methods  of  det.,  709 
animal  and  vegetable  oils,  1124 
burning  oils,  1111 
lubricating  oil,  1111 
turpentine,   1173 
gases— table  XXIII,  706 
hydrometer  method,  1014,  1111 
of  cement,  1199 
of  gas,  1262 

pycnometer  method,  1493,  1494 
rubber,  1362 

Westpahl  balance  method,  1111 
Specific  heat,  definition  of,  708 
Specifications  for  elements  in  steel,  car- 
bon, 201 
manganese,  264 


8p«eiOeat:cins — itecl — plioipborui,    265 
giliean,  268 
aulpbur,  267 
SpeetroHonic    method    for    determining 
lithium,  414 
detection  of  rare  eartba,  ]34 
Spectrum,  deteotioo  of  tMrium  bj  meuia 
of,  58 
of  cadmiu 


Storm,  C.  0.,  on  esploaivea,  1^72 
Siromayer  aud   Ro^e,   separation   of  ba- 
rium from  calcium  and  strontium,  60 
Strontium,  detect ioa  of,  general  proceil- 
dure,    Hame    te?t,    sodium    tnlphate 


I.  402 


of  calcium,  104 
of  lithium,  402 
of  potawium,  40! 
of  ruhldiuDi,  402 
of  Rodlum,  401 
Of  » 


of  Ihalliu 
of 


,  522 
61 S 


SpeisseB,  decompDiition  of.  SO 

Speller,  impunlieii,  determination  of  cad- 
mium, iron.  lead,  610 

Bpence  'a  method  for  rul)ber  analjais,  1355 

Spent  oxide,  evaluation  of,  518 

Sperm  oil,  1147,  1140 

Spiegel  iron,  manganese  determination  in, 
30S      ' 

Spirits  of  wine,  etb.Tl  alcohol,  1521 

Spontaneous  eombuBtton  teM  of  oiK  1140 

Stains,  standard  for  arsenic  det..  47 

Stanilaril  rpagenti<.     See  Pcagents. 

Slaiidards  for  Chincea  irood  oil,  1171 
linseed  oil,  1172 
lurjieHtiiie,  1174 

Staunic  acid  method  for  tin  in  bichlo- 
ride b;  hot  waler  jireeipilation,  527 

Stannous  chloride,  action  ou  fajdrochlor- 
plBtinic  acid.  377 
apparatus  (Fig.  41),  373 
method  for  iron,  257 
reduction  for  ferric  solution,  253 
tetit  for  mercury.  .108 

Starch  in  explosives,  1378.  1390 

Starch  solution,  preparation  of,  241   501 
1067,  14.12 
preservation  of,  241 

Stas  overflow  pipette,  444 

Stead  'a  method  for  separation  of  ar- 
senic, .17 

Steel,  determinat 
elements  det.  : 

Steels  with  chromium,  molybdenum,  tung- 
sten and  vanadium,  decomposition 
of.  for  silica  det.,  435 

Steiger  's  method  for  determining  fluo- 
rine. 210 

Stephen 's  method  for  sulphur  in  rublwr, 
1366 

Stolba,  Franz,  volumetric  method  for  ce- 
rium, 138 


test,  I 


estimation,  general  procedarex: 
gravimetric,  as  carbouate,  491 
as  oxide,  491 
as  sulphate,  491 
volumetric,  alkalimetrie  method,  491 
chloride    titration    with     AgNOj, 
492 
occurrence,  orei>  and  minerals,  489 
preparation  and  solution  of  the  sam- 
ple, 490 
separation   from    alltalies   and   magne- 
sium, 490 
from  barium,  490 
from  calcium,  61,  490 
solubilities,  4S0 
SulicarbonBte    of    biftmutb,    precipitation 

of  bismuth  as,  74 
Suction  ventilator  (Fig.  103),  1217 
Sugar  in  explosives,  1388 
in  soap,  1159 
teat  for,  in  explosion,  1385 
Sulphauilic  acid  reagent,  1414 
Sulphate  method  for  det.  barium,  84 
method  for  det.  cadmium,  101 
method  for  det.  calcium,  108 
method  for  det.  lead.  274 
method  for  separating  alkaline  earths 
from  the  alkalies  and  magnesiam, 
60 
fur  determining  lead,  274 
for  det.  strontium,  491 
Sulphates  in  gypsum,  1188 
soluble  in  blanc  fixe,  1189 
in  sublimed  white  lead,  1180 
in  water,  1427 
Sulphates   and  sulphides   in   presence  of 
one  another,  determination  of,  511 
determination  of.  in  presence  of  other 
aulpbur  acids,  514 
Sulphide,  detection  of,  493 

determination  of  tin  as,  529.  532 

in  composite  white  paint,  1190 

ores,     evaluation     of     by     eombuetion 

method,  304 
Roluliilitv,  495 
Sulphide  stains  for  det.  sulphur,  520 
Sulphide  and  sulphate  det.  on  in  presence 

of  each  other,  511 
Sulphide  and  sulphohydrate  in   presence 
of    one    another,    determination    of, 
510 
Sulphide  ores,  decomposition   of,  19.  35, 
57,  105.  178,  ^^7,  272.  435,  495,  498 
Sulphide  sulphur,  det.  of  traces.  520 
,   1139,       Sulphites,  iodine  titration  of,  512 
detection  of,  493 


Sulphites  in  preaence  of  other  sulphur 
acids,  determination  of,  514 
Holubilit/,  495 

Bulphurout  acid  test  for  vanaclium.  583 
Sulphoeyanate  ( thioc^anate) ,  181,  184 
Snlphohjdrale   in   presence   of  sulphide, 

det.  of,  510 
Sulphur  chloride  in  rubber,  13S9 
Sulphur    dioiiile,    traces    in    atmosphere, 

ISS3 
Sulphur,  deleetion  of,  element,  403 

sulphide,    sulphites,    sulphates,   thio- 
sulphates,  493 
estimation,  general  procedures: 

gravimetric,  as  barium  sulphate  pre- 
cipitated    from     hot     solutions, 


497 


combust  to 


method    for   sulphide 

orpB,    504 
TOlumelric    methoas,    titration    with 
barium  chloride,   and  poiassium 
dichromate  (Wildenstem's  meth- 
od), 505 
barium        chro  mate- iodine- thionil- 
phate     method     of     Hi  d  man, 


506 


hydrochloride    method. 
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evolution    method    for   8    in    iron 
and  steel,  SOO,  502 
iron    ore    briquettes,    sodium 
sulphide,  403 
estimation,  special  procedures; 
available,  in  brimstone,  519 
determination    of    sulphur    in    coal 
495,  1219 
Sulphur    det.    in    ferl>efite,    wolframite, 
scheelite,   564 
in   ferro- tungsten   and   matal,   572 
free  sulphur  In  a  mixture,  f]7 
Id   black  powder   and   ezplosiTes, 

1373,  1377,  1389 
In  coal,  1219 
ia  fuel  oils,  1112 
in  copper,  204 
in  grain  alcohol,  1535 
In  gas,  1260 
in  iron  and  steel.  265 
in  materials  high  in  sulphide  sul- 
phur,   determiptng    available 
H^,  509 
in  mechanical  rubber  goods,  13S6, 

1369 
free  in  a  mixture,  517 
in  oils  and  liquid  fuels,  1112 
in  Portland  cement,  1208 
in    rocks,   silicates,   insoluble   sul- 
phates, 495 
in  rubber,  1357 


in  spent  oxide,  518 

in  sublimed  blue  lead,  1194 

in   thiocyanic   acid   end   its   salts, 

511 
in  ultramarine  blue,  1193 
volatile,  in  coat,  1219 
in  spent  oiide,  519 
residual,  in  spent  oiide,  519 
Sulphur    dioiide    test    for    molybdenum, 
313 
in  zinc  lead  and  leaded  zinc,  1182 
method    for    determining    selenium, 


reduction  of  vanadium  to  'VjO,,  58 
test  for  titauium,  538 
Sulphuric  acid,  analysis  of,  1036-1040 


combiued,  in  silicate  of  soda,  438 

frafea,  1264 

free,  del,  of,  507 

mercury  method  for  disfing,  copper 
eompds.,  211 

mist  in  gases,  det.,  1504 

normal  solution  of,  1007,  1188 
Sulphuric  acid   in  aluminium  salts,  12 

in  ammoniacal  limior,  345 

in  arsenous  acid,  53 

in  acetic  acid,  1055 

in   hydrochloric   acid,   1013 

in  hydrofluoric  acid,   1019 

in  nitric  acid,  1022 

(anhydride)     in    oleum    and    mixed 
acids,  1042 

in  paint  pigments,  1180,  1184,  1188, 
1189,   1190,   1194,   1195,  1196 

in  standard  solution,  preparation  of, 
1006.  1007 
for  Devarda  's  alloy,  346 

specific  gravity  tal-le,  1046 

strength  for  equilibrium  with  atmos- 
pheric moisture,  1006 

test  for  seleniu 


t  for  0 


1113 


Sulphurous     acid     m.     for    det.     copper 

eompds.,  208 
Sulphurous   acid,    free    or   combined,    in 
sulphites,   acid   sulphites,   melabi- 
sulphites,    and    thiosulphates.    de- 
termination of.  gravimetric,  511 
free  or  combiued   in  sulphites,  acid 
sutphttes,     metabisiilphitps     and 
fhiopulphates.    volumetric   meth- 
od with  iodine,  512 
free  or  combined  in  sulphites,  acid 
sulphites,   m e tab i sulphates,    and 
thiosulphates,     acldimetrie     and 
alkalimetric  methods,  513 
in  acetic  acid,  1057 
in  hydrofluoric  acid,  1019 
reduction  of  ferric  solution,  252 
of  chlorate,  152 


41  IND 

Summnc  extniet.    See  tannic  aeid. 

Simfloiver  oii  conatanis,  1147.  1149,  1172 
Surveillance  test  of  ponder,  1406 
Sutton,    pecmati^nate    titralion    of    cal- 
cium oxalate,  108 

Tables,    AfiJk,    qualitative    separationa, 
530,  516-553 
acetic  aci>I  (Ouitemana')  Table  XJl, 
674,   1058 
melting-points      of      (Budorfl) 
Table  XIII,  674 
hydrochloric  acid   (Fereuson),  Table 
V,  660,  661    1016 
CLunge  and   Marchlewski ) ,   662 
constant   boiling-points   of,   662 
nitric   acid   (Fereuson),   Table   VII, 

86.1,  684,  1029 
nitric     acid      (Lunge      and      Rej), 

Table  VIII,  665,  666 
phosphoric  ncid  (Hager),  Table  IX, 

667,  1029 
sulphuric  acid    (Ferguson   and   Tal- 
bot) Table  X,  668-671,  1046- 
1051 
(Bishop),  Table  XI,  672,   1051 
approximate   boiting'pointa,  669 
fuming,  873 

charts  of  sp.  gr.  and  b.  p.,  1036 
alcoholic  sp.  gr.,  1528-1530 
alttalies; 

aqua    ammonia    (Ferguson),    Table 

xrv,  675,  1069 

coefficient  of  ei|iBnsion,  675 

eotliuni    hydroxide    (Lunge),    Table 

XV,  678,   106S 

Baum^    degrees    and    specific    gravity 

comparison.  Table  XX,  701 
bituminoiia  substances,  12B0-12B2,  1294 
Centigrade    and     Fahrenheit     degreeB, 

comparison.  Table   XIX,   700 
compounds,      inorganic,      useful     data 
(Meiklejohn),   Table   XVII,   679- 
63.1 
convpraion  factors   (Seott  and  Meikel- 

John),  Table  XVIII,  eSil-flSS 
electromotive  arrangement  of  elementa, 

Table  IV.  6.19 
Engler,   Bedwood,   and   Saybolt   times, 

comjiarison  table,  11.^1 
fatty  acids,  characteristics  of.  1147 
fluorine  chart,  anparenl  per  cent  TiOt 

and  grams  F.,  221 
gases,  aqueous  vnjior  iu  air,  1280 

chimney  or  flue,  table  of  calculation, 

1354 
detection   of.   property   tables.   1234 
efficiency  and  ln»s  eha'rt,  1194 
8i>eeific  heat  of,  1280 
sulphur  dioxide,  iodine  values  for,  in 

Reich  method.  1265.  1266 
table  of  constants,  704,  705 


hardness  in  water,  1435 

indicators  and  their  uses,  1003 

Thomson  's  table,  1004 
Jackson 'a  candle  turbidimeter,  1220 
melting-points  of  the  elements.  Table, 

II,  658 
metric  and  customary  units,  702 
oil,  characteristics  of,  1148 
permanent      atandarda,     ammonia     in 

nrater,  1414 
qualitative  tests,  525-653 
rare  earth  elements,  134 

oxalates,  separations,  141 
apeciflcations  for  elementa  id  steel: 

carbon  in  ateel,  261 

manganese  in  steel,  264 

phosphorus  in  steel,  265 

silicon  in  steel,  268 

sutptiurin  steel,  231,267 
temperature,    standards    of 


turbidimeter  sulphur  table,  1220.  1221 
vapor  tension  of  water  in  mm.  Hg  at 
— '     C.     (Regnnult,     Broeh     and 
Weibe),  Table  XVI,  678 
water,  outline  of  procedure  for  enat- 
yais,  1421 
standards  of  purity  table  of  Illinois 
State  GeolOjfical  Survey,  1420 
waxes,  characferiatica  of,  1150 
weights   and   measures,   comparison   of 
metric  with  customary  units.  Table 
XXI,  702 
Talbot's  method  for  separating  tungsten 


fro 


■,  558 


Tallow,  constants  of.  1147,  1149 
Tannntes   and    tannic  acid,   analysis   of, 

1538 
Tantaliferous  minerals,  575 

opening  up  of,  576 
Tantalum,  detection  of,  575 
estimation,    method    for    determining, 
575 


576 

tantaiiferoua  minerals,  576 
separation,   isolation    of    tantalum    ox- 
ide, 576 
removal  of  antimony  and  tin,  tungs- 
ten and  silica,  577 
solubilities,  576 
Tar — aee   bituminous  substances,   1289 
Tartar  emetic,  antimony  in,  33 
Tartaric  acid,  Gotdenberg's  method  for, 
1061 
Oulman's  method  for,  1060 
oxidation  of,  in  titanium  determiaa' 
tlon,  542 


Tellurium,   detect  ion,   general   procedure, 
420 
special  tests,  421 
estimation,  425 

gravimetric,   ileterniination   as   diox- 
ide. 423 
reductiou     uith    sulphur    dioxide, 
423,  426 
volumetric  method,  427 

preparation  and  solution  of  the  sam- 
ple, 422 
special  procedures,  429 
Beparations  (see  Selenium},  422 
solubilities,  421 

and  selenium,  determination  of,  in  cop- 
per, 203 
apparatus   for   separation    of    (Fig. 
57),  424 
Tellurium   and  selenium   in   refined  gold, 

429,  4:tO 
Test  pa|>er  far  antimony  stains.  30 
Tetrabromide  in  ru!)ber  analysis,  1356 
Tetrjl,  analysis  of,  1394 
Temperature  delermination  of  flue  gas, 
1253 
estimation  of  bj  color  of  healed  metal, 
659 
Temperature  of  flames,  658 
Tensile  strength  of  cement,  test  for,  1203 
Terminal  case  (Fig.  27),  electroljtio  de- 
termination of  (^0]>ppr,  1N5 
Test    lead    method   for    reducing   ferric- 

salts,  251,  253 
Thallium    protoxide    test    for    platinum, 

377 
lliiocyanate  pption.  of  copper,  181,  184 
Thioeyanate     method     for     determining 
iron,  258 
(Volhard)  for  silver,  442 
Thtocjanic  acid,  sulphur  in,  511 
Tblosulphate   of   sodinm,    N/10   solution 
Of,  240 
determinatioD  of  in   presence  of  sul- 
phide and  Bulphohjdrate,  510 
detection  of,  493 
gravimetric  methoil  for,  511 
reagent  for  iodine  number  in  oils,  1128 
solubility.  495 

Tolu metric   iodine  method   for,  512 
standnrd  solution.  1167 
Thomas  electric  gnu  meter.  1235 
Tbomfion.  boric  acid  in  milk,  83 

method  for  iron.  258 
Thomson's  table  of  indicators,  1003 
Thornton  and  Chapman  on  iron  det..  256ft 
Thorile,  decomposition  of,  522 
Thorium,  detection  of.  522 

estimation,  gravimetric  method.  523 
minute  amounts  of,  524 
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preparation  and  solution  of  the  sam- 
ple, oiides,  phosphates  (monadte, 
etc.),  silicates,  522 
separations,  523 
Thresh 's  method  for  bismuth,  78 
Thymol  method  for  titanium,  550 
Tin,  detection  of,  SES 

estimation,  general  procedures: 

gravimetric,  by  electrolytic   method, 
536 
by  hydrolysis  and  ignition  to  oi- 

ide,  528 
as  sulphide,  529 
volumetric,   iodine  method   of   Lens- 
sen,  modified  by  Baker,  532 
estimations,  special  procedures: 

determination    of    in    alloys,    brass 
and  bronze,  832 
in  bichloride  of  tin,  530 
in  Britannia  metal,  1083 
in  bronie  A.  8.  T.  M,,  1094 
in  gun  metal  A.  S.  T.  M.,  1099 
in  metallic  lead,  288 
in  soft   solder,  1078 
in  tungsten  ores  and  concentrates, 

566 
in  type  metal,  1076 
in  canned  food  products,  536 
in  VFater,  1433 
in  Wood's  metal,  1080 
preparation  of  the  sample,  opening  up 
tin  ores,  525 
cyanide  process,  526 
hydrogen  reduction,  527 
sodium  carbonate  methods,  527 
hydroxide  method,  527 
peroxide  method,  527 
Sellers  apparatus  for  detection.  535 
separation,  general  procedure,  527 
from  aluminum,  antimony,  528 

in  nater,  1433 
from  antimony  in  alloys,  1076,  1083 
from  arsenic,  39 
from  arsenic  in  alloys,  1083 
from  copper,  lead,  527 
from   phosjihorus,  tungstic  acid,  548 
standard  solution  of,  533 
Time  required  in  gas  analysis,  1251 
Titaniferous  ores,  analysis  of,  determi- 
nation  nf  titanium,  aluminum,  iron, 
silica,  phosphorus,  551,  553 
slags,  decomposition  of,  540 
Titanium  Alloy  ManufDcturing  Company, 

methods  of,  542,  S47-550,  551 
Titanium,  detection  of,  5.38 

estimation,  general   procedures: 
gravimetric.  Gooch-Thornlon  method, 

modified,  541 
ferro- carbon  titanium.  542 
volumetric,   by  reduction  and   direct 
titration  with  ferric  salt,  544 


Titaniutn — b;  line  reduction,  addition  of 
eiFCsa  ferric  Halt  and  titration 
witb  perm  a  Donate,  543 
hjdrogen     peroxide     eoiorimetrie 
mcthodj  545 
estimation,  special  procedures: 
in  steel,  268,  269 
in   a  I  eel   treated   with   ferro-carbon, 

547 
bydrochloric  acid- insoluble  titanium, 
549 
-Boluble  titanium,  54S 
OMurrence,  ores  and  minerals.  538 
preparation   and  solution   of   the   Barn- 
pie,  alloys,  element,  ores,  ox i ties, 
Belts,  steel,  titaniferous  slags,  539- 
540 


541 
from  bivalent  metals,  cobalt,  nickel, 

manganese,  linc,  541 
standard  thymol  solution,  478 
Titanium  pigments,  analysis  of,  553 
Titanans  salt  in  det.  iron,  256a 
Titer  test  for  oils,  1142 

standard  solution  of,  551 
Titration  of  acids  and  alkalies,  1012 
TNT,  see  trinitrotoluene,  1391 
Trace*.     See   under    estimation    of   ele- 


Traeea,    determination    by    nitroao-beta- 

uaphthol,   169 
columbium.    See  Tantalum, 
copper,  detection,  177 

eopper,     determination     in      amall 
amounts,  197 

in  water,  1433 
fluorine,  detection  of,  212,  213 

estimation  of,  224 
glucinum,  detection  of,  225 
gold,  detection  of,  E2S 

determination  of  small  amounts,  232 
iodine,  detection,  2.16 
iron,  detection  of,  246 

determination  of  small  amounts,  25S 
lead,  detection  of,  271,  143;( 
determination  of  small  amounts,  gravi- 
metric, 279 

colori  metric,  281 
lithium^  deleetion  of,  280 
magnesium,  detection  of,  291 
manganese,  detection  of,  295 

determination  of  small  amounts,  305 
mercury,  detection  of,  308 
molybdenum.  dete^rCion  of,  313 
nickel,  (ieteelion  of,  329 

determination  of  small  amaunta,  332, 


ment  in  question. 
aluminum,  detection  of  with  alizarine 
S,  3 
determination   of  witb  alizarine  S, 

14 

ammonia,  345,  1412 
antimony,  detection  of,  18 

determination  of,  28 
arsenic,  detection  of,  34 
determination  of  in  acida,  eulpburie, 
hydrochloric,  nitric,  phos|ihDrie, 
in  alumina  and  iron  ores,  phos- 
phates,   salts,    baking    powder, 
canned  goods,  meat,  etc.,  45,  52 
barium,  detection  by  flame  and  spec- 
trum, 56 
beryllium.     See  Glucinum. 
blamuth,  colorimetric  procedures  for  es- 
timation of,  77,  78 
boron,  tests  for,  79 

calcium,  detection  by  flame  and  spec- 
trum, JOO,  104 
carbon,  colorimetric  estimation  of,  128 
cerium,  and  the  other  rare  earths,  de- 
tection, 134 
colorimetric  method  for  cerium,  138 
chlorine,  detection  of,  142 
chromium,  detection  of,  156 

determination  of.  162 
cobalt,  detection,  168 


333 


nitrogen 

337 


,  Nessler  'a  test  for, 


determination.     See  Am 

Traces. 
nitric  acid,  detection,  .1-17 

determination  of  small  amounts, 
1024 
nitrous  acid  test  for,  337 
eHtimatinn  of,  1028 
phosphorus,  detection  of  362 
platinum,  detection  of,  376 
platinum  metals,  detection  of  iridium, 


382 


palladium,  384 
rhodium,  388 
ruthenium,  3S6 

potassium,  detection  of,  401 

rubidium,  detection  of,  402 

selenium,  detection  of.  420 

sodium,  detection  of,  401 

tellurium,  detection  of,  421 

silicon,  detection  of,  431 

silver,  detection  of,  439 

determination  of  small  amounts,  448 

sulphur,  combined  and  free,  detection 
of,  493 

strontium,  detection  of.  489 

determination  of  small  amounts,  evo- 
lution method,  500 

thorium,  detection  of,  522 

determination    of    minute    amounts, 
524 

tin,  detection  of,  525,  1433 


taotalum  and  columbium,  detection  of, 

575 
titauium,  detection  of,  538 

eolorimetric  method,  545,  547,  550 
tungsten,  detection  of,  554 
uranium,  detection  of,  578 
vanadium,  detection  of,  583 
delermination  of  smait  amounla,  591, 
595 
line,  detection  of,  597 

determination  of  small  amounts,  607 
sireonium,  detection,  618 
Tieadwell  nnd  Hail,  method   for  borie 
acid  in  water,  82 
method  for  iodine,  242 
Transition  temperatures,  1480 
Trinitrotoluene,  examination  of,  1391 
Trisulphide   of   antimony,   determination 
of  antimoEj  as,  23 
arsenic,  determination  of  artienie  as, 
40 
Trogjt  and  Lenher,  precantiona  on  slUea 

determination,  437 
True  silica,  estimation  of,  430 
Tung  oil  (Chinese  wood  oil)  examination 
of   1169 
A.  e.  T.  M.  Bpecificationa,  1170 
Tungsten,  detection  of  in  Hlloys  and  steel, 
554 
in  minerals,  554 
estinatfon,  gravimetric,  658 
isolation  of,  by  cincbouiue  method,  561 
Aqua  regia  method  of  Watts,  564 
volumetric  method,  564 
estimatiDn,  special  procedures,  558 
tungsten  bronzes,  557 

and  minerals,  555 
661 
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steet  and  alloys,  tnngsten  in,  558 
technicsi  uses  of,  555 

Tungstic  acid,  det.  of  tungsten  as,  561 

Turbidity  tests  of  water,  540 

Turbidimetric   sulphur    table.    1220-1221 

Turmeric  test  for  bismuth,  81 

Turpentine,  analysis  of,  determination  of 
color,  specific  gravity,  refractive  in- 
dex; distillation,  polymerization, 
standards  of,  1173,  1174 

Type  metal,  analysis  of  (see  Alloys), 
1071 

Tnitchell's  method  for  rosin  in  soap,  1158 

Tyndall  test  for  dust  in  gas  (modified), 
1286 

Tyror'a  apparatus  for  solubility  det,  147B 


Universal  viacosimeter,  1115 
Unsaponifiable  matter  in  linseed  oil,  1166 

in  soap,  11S7 

in  oil,  identification  of,  1133 


sulphnr  in,  505 

tin  in,  507 
powder,  typical  analysis  of,  655 
preparation  and  solution  of  the  sample, 
555 
alloys   steel  minerals,   ferrotungsten, 
tungsten  bronies,  555-557 
reagent  clnchonine,  501 
separation  from  antimony,  tin,  556 
from  arsenic  and  ])hospborus,  556 
from  iron,  titanium,  vanadium,  550 
from  molybdenum  by  Hommell  's  and 

Pechard  's  methods,  558,  559 
from  silica,  tin,  557 
solubilities  of  acids  and  oxides,  555 


.    and   dctermtnatio 


of. 


oils,    detecti< 
1132 

Uranium,  detectioi   of,  678 
uranouB  and  uranyl  salts,  678 
estimation,  gravimetric  method  ai  ox- 
ide, UjO„  581 
in  carnotite,  582 
volumetric  method,  581 
occurrence,  578 

preparation   and  solution   of   the  sam- 
ple, ores,  579 
separation   from   H3   ponp  elements, 
copper,  bismuth,  lead,  arsenic,  an- 
timony, 579 
Uranium,  separation  from  iron  and  met- 
als having  water  insoluble  carbon- 
ates, 579 
from  vanadium,  579,  5B0 
■olubilitics,  570 

iiranous  salts,  detection  of,  578 
nranyl  salts,  detection  of,  578 
uses,  578 
Uranium  oxide,  purity  test  of,  581 
Uranium  in  carnotite,  582 
Urbasch's   hydrogen   sulphide   generator, 

42 
Useful  data— inorganic  compounds,  table 

XVII,  079 
Useful  memoranda,  707 
U.  S.  Bureau  of  Standards  Circular,  — 
N     B.   first   page    of   each   chapter, 
Vol.  1. 

Vacuum  oven,  1508 
Valuation  of  aluminum  ores,  4 
of  Hoorspar,  215,  222 


48 


Yansdiani,  detection,  lest ' 

sulphide,  hydrogen   sulphide,   hydro- 
gea   peroxide,   reducing   agent',   583 
comparison  of  chromium  and  vanadium 
salts.  5S:l' 
test  ror  in  steel,  5B4 
estimation,  general  procedures; 

gravimetric,  lead  acetate  method.  S88 

mereurous  nitrate  method,  ^87 
volumetric,  H,0  or  SO.  reduction  to 
V,0„  and  titration  with  KMnO., 
589 
sine  reduction  to   V,0-  and  titra- 
tion with  KMnO,,  590 
eatimation,  apecial  methods: 

detetminatiiin  of  vanadium  in   pres- 


eof  a 


acid. 


in  presence  of  chi 

in  presence  uf  iron,  ain: 

in  presence  of  molybdenum,  591 

in    cu  pro- vanadium,    brasses    and 

bronzes,  596 
in  ferro- vanadium,  596 
in  steel  in  presence  or  absencB  of 
chromium,  591,  595 
electrometric  method,  ]516 
in  vanadium  ores,  .'>9.'),  596 
industrial  application,  584 
occurrence,  minerals  and  ores,  584 
Varnishes  in  bituminous  sutistanees,  1346 
Velocity  det  of  gas  flow,  707, 12.15 
Victor  Meyer  app.  for  solubility  det.,  1474 
preparation  and  solution  of  the  sample: 
decomposition    of    alloys,    iron    and 

steel,  Sfl6 
ores,  general  procedure,  ores  high  in 
silica,  ores  low  in  silica,  583. 
separation   from  arsenic,  molybdenum, 
phosphoric  acid,  586 
chromium,  587 
solubilities,  element,  oiides  and  salts, 
585 
Vaknta  teat  (or  oil,  1126 

of  animal  and  vegetable  oils,  1126 
Varna ri-M it scheriich-Devarda  method  for 

nitrogen  in  soils,  350 
Vanlet  absorption  bulb,  112 
Vanino  and  Treubert,  reduction   of  bis- 
muth salt,  76 
Van  Noslrand  fliem.  Annual,  Olsen,  104, 

109,  143,  2Jfi,  291,  308 
Vapor  tension  of  milphuric  acid,  1006 
Varnish,   analysis   of,   determination   of 
acid  nunit)er,  ash,  fiied  oils  and  res- 
ins, Qafit  point,  separation  of  poly- 
merized oils  and  resins,  1174,   1170 
Varrentrapp  and  Will  bulbs  {Pig.  117), 

12:t7 
Vegetable  oils  (fee  Oils,  Fats,  Waxes), 


1)23 


1  oils,  tebt  for,  1134 


Vehicles,  paint  analysis,  1162 
liquid  percentage  of,  1162 
separation  of  components,  1163 
Vermilion,  aualysia  of,  1191 
Vicat  needle  for  testing  cement,  1200 
Virgini,   arsenic   determination,   41 
Viscosity  of  bituminous  substances,  1297 
in  centipoiscs  of  sugar  tables,  1117 
in  oils,  determination  of,  1114 
Viscosimeters   for   dclermining   viscosity 

in  oils,  1114.  1115 
Vogel's  modilication  of  Pisani's  method 

for  silver,  448 
Volatile  combustible  matter  in  coal,  ap- 
paratus for,   (104),  1218 
method  for  det.  in  coat,  1218 
matter  in  sodium  fluoride,  224 
in  paint,  distillation  of,  1163 
sulphur  in  coal,  1219 
Volbard's   method   for   determining  bro- 
mine. 95 
ehlorine,  14fl 
copper,  196 
cyanide,  130 


silver,  442 
Volt,  definition  of,  709 
Vulcanization  coefficient  of,  1365 
Volumes,  formulae  (or  determining,  703, 
707 
unit  table  of,  702 
Volumetric  methods.     See  under  element 

Vorlmann  and  Metiel  method  for  deter- 
mining antimony,  23 

Wagner's  solution,  106 

Walton  and  Jud,  apj).  for  det.  solubility, 

1474 
Warrington,  traces  of  lead,  281 
Warwick    and    Kjle   on    oxalate   method 

for  bismuth,  76 
Washing  soda,  analysis  of,  1065 
Waste  and  reclaim  in  rut.l)er,  1358 
Water    analysis,    general    considerations, 
1409 
mineral  analysis,  1421 

abstract    of    general    scheme     of 

analysis,  1421 
acidity,   determination   of.  1429 
alkalinity,  determination   of.  1428 
alumina,  determination  of,  1422 
ammonia,   determination   of,   1431 
bromine  in,  83 

calcium,  determination  of,  1424 
calcium     sulphate,     determinatiOQ 

of,  1437 
carbonic    acid,    determiDatiOD    of, 

1429 
chlorine,  determination  of,  1430 


Water — corroaion,    acid    waters,    deter- 
mination of,  1439 
field  assa;,  1441 
foaming  and  priming,  1439 
hardness  in,   1434 
hydrogen  sulpliide  in,  1431 
interpretation  of  analysis,   1438 
iron,    delermination    of,    1423 
irrigating  waters,  1440 
lime  value  of,  1437 
macnesium  in,  1425 

chloride,  ]4:i6 
manganese,  bimnutlinte  method  of 
determining,  1428 
Knorre'a     persulphate     method, 
1426 
mineral  residue  in  water,  14.11 
nitrates,  determination  of,  14;t0 
oil,  determination  of,  1432 
oxygen     dissolved,     determination 

of,  1432 
phosphates,  determination  of,  1424 
residue,  total   mineral,  determina- 
tion of,  1431 
scale,  determination  of,  1439 
silica,  determination  of,  1422 
eoda,  value  for,  1437 
•odium  and  potassium,  determina- 
tion of,  1427 
ioftening  of,  14.19 
■ulphates,  determination  as  barium 
sulphate,   by  benzidine   meth- 
od, 1427 
traces  of  impurities,  cojiper,  lead, 
tin  and  linc,  1433 
sanitary  analysix,  1410 

ammonia,  albuminoid  in,  1413 
free,  determination  of,  1412 
chemical  tests,  1412 
chlorine  determination  in  (present 

as  chloride),  1417 
color  test,  1410 

interpretation  of  analysis,  1419 
nitrogen  as  nitrate,  1415 
as  nitrite.  1414 
organic,  1413 
odor  test,  1412 
oxygen  consumed,  1417 
physical  tests,  1410 
residue,  total  solids  in,  141S 
turbidity  lest,  1410 
Water,   sanitary   mjcroacopical   examina- 
tion of,  1442-1453 
control  of  organisms,  1451 
collection  app.   {sanitary  exam.),  1447 
organisms   in    (sanitary   exam,)     1443, 
1448 
identificatioQ  of.  1449 
8edg wick-Rafter  method,  1445 
Water,  bacteriological  examination,  1434- 
1468 


apparatus  and  materials  for  exam,,  1455 
azolitmin  solution,  1458 
bacteria,  total  in,  1461 
britliant-green      lactose- peptone      bile, 

1460 
B.  coli,  examination  of,  1462 
B.  typhi,  examination  of,  1467 

suliclassitieHtion  of.  1463 
Endo's  medium.  1459 
Hesse  agar,  1460 
litmus-lactose  agar,  1459 
nutrient  agar,  1458 
nutrient  broth,  1457 
prejiaration  of  culture  media,  1456 
sampling  for  examination,  1444,  1454 


■ediire 


1465 


Buaseil's  media,  14G0,  1468 

sterilization  of,  1457 

Widal  test  for  B.  tyjdii,  1467 


Wate 


113 


paint  vehicles,  llf 
iodide  or  iodine  in,  23S 
percentage  reqiiireil   in   standard  sand 

mortar  (table),  1201 
vajior  in  air,  1280 
Watt,  definition  of,  700 
Watt's  method  for  tungsten,  564 
Waxes,  1145 

Weber  and   Hintz   on  sulphur   precipita- 
tion, 497 
Weighing  tubes  for  acids  (Figs,  80,  81, 

82,  83),  lOtO,  1012 
Weiss,   fiepnraling  ziuc   as  sulphide.  005 
Welch-Wu'l)er   method   for   detecting   tin, 


Westphal  balance,  sp.  gr.  bit.  sub,,  1295 
sp.    gr.    qf    oils,   nictliod    for,    1111 

Wet  combustion   process   for   carbon   de- 
gold  assay  of  minerals,  230 

Wet  meter,  1234 

tests  for  copper,  177 

Whale  oil,  constants,  1147,  1149 

Whitby 's    method    for    silver    detection 
and  estimation,  440 

White  lead,  corroded,  analysis   of,   1181 
sublimed,  analysis  of,  1178 

Whiting  paint  pigment,  analysis  of,  1188 

Whitmer   and   Cnin's   method   for   vana- 
dium in  steel,  S91 

Wiborg's   method    for   determining   car- 
bon (reference),  127 

Wilde  ostein 'a  volumetric  method  for  sul- 
phur, 505 

Williie.   colorimetric   method,   for   traces 
of  lead,  281 

Wilson,    L.    A.,    on    cadmium    det.    and 
analy.,  00 
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Wilson  on  cine  ana]j.,  59T 

Winkler,  titration  of   ammonia  in  borie 

acid,  340 
Winklei' 'b    spiral    absorption    apparatua 

(or  gas  (Fig.  118),  1237 
Wlnteretein  and  Herzfeld,  iodine  libera- 
tion with  peroiidp,  243 
Witherite,  analysis  of,  66 

commercial  valuation  of,  (<6 
Wolff's  absorption  tube  (Fig,  118),  ]2.'i7 
Wolff's  method   for  rosin  in  soap,  1138 
Wolframite,  analysis  of,  564 
Wood's  metal,  analysis  of  (see  Alloys), 
Wood  alcohol  (methyl  alcohol),  531 
Wurster's  method  for  oione,  1241 
Wulfenite,  molybdenum   det,   in,   322 

Xenon  in  the  atmospheric  air,  338 

Ytterbium,  134,  135 

Zlne,  detection  of,  597 

estimation,  general  procedure,  507 
gravimetric    determination    by    elec- 
trolysis, 5B9 
as  the  oiide,  ZnO,  599 
as  the  sulphate,  ZnSO.,  599 
volumetric  methoda,  ferroeyanide  ti- 
tration : 

(a)  in  acid  solution,  600,  603 

(b)  in  alkaline  solution,  601 
estimation,  special  procedures: 

determination  in  alloys,  in  brass  and 
bronze,  1085 
in  copper  (metallic),  201 


n  Germi 


I  silve 


in  Hose's  metal,  1080 
in  soft  aolder,  1079 
in  sulphuric  acid,  1039 
in  zinc  metal  A.  8.  T.  M.,  1103 
in  zinc  dust,  607 
determination     in     composite    nhite 
paint,  1190 
in   orange    and    yellow    pigments, 

1195 
in  white  lead  (sublimed),  1179 
determination  in  material  containing 
cadmium,  602 
in    materiel    containing    Insoluble 

zinc,  605 
in  presence  of  carbonaceous  mat- 
ter. 602 
in  presence  of  metallics,  602 
determination    in   ores,   copper-bear- 
ing, 601 
Zinc,  estimation  in  water,  1433,  1434 
in  zinc  dust,  607 
moisture  determination  in  pulp,  59S 
preparation  of  the  sample,  598 
separation  from  antimony,  arsenic,  bis- 
muth,  cadmium,  coppei,  lead,  S98 


Zinc,  separation,  — 

from  aluminum,  iron,  man(CBiiB*'i  **>• 

bait  and  nickel,  596-599 
from  iron,  1081 

snlphid(>  precipitation   of  zinc,  603- 
605 
epelter.  determination  of  impurities  in, 
610 
cadmium  in.  electrolytic  and  sulphide 

methods,  612 
iron  in,  hydrogen  sulphide  and  eolori- 

metric  methods,  611 
lead  in,  electrolytic   and  lead  acid 
methods,  610-611 
"traces,"      determination      of      small 
amounts  of  zinc,  607 
Zinc  metal,  preparation  of  pure,  for  ar- 
senic det«rmjnation,  48 
metallic,  test  for  iridium,  382 
for  palladium.  385 
for  platinum,  377 
for  rhodium,  390 
for  ruthenium,  .187 
for  titanium,  533 
for  vanadium,  46.t,  583 
Zinc  amalgam,  mercury  in,  1107 
Zinc   arsenite,   determination    of   arsenic,    . 

soluble  and  insoluble  in,  36 
Zinc  lead   and  leaded  zinc,   analysis  of, 
1182 
oxide,  determination  of  zinc  as,  590 
impurities  in,  610,  1183 
in  the  commercial  product,  1186 
reduction  method  for  detenninbg  iri- 
dium, 383 
of  chlorates.  152 
of  iron  salts,  252 
of  pbosphomolybdate  for  phosphorns 

determination,  36R 
of  vanadium  salts,  590 
sulphate  in  zinc  lead  and  leaded  zinc, 
1183 
in  lithoponc,  1186 
weighing  zinc  as,  599 
sulphide  in  lithopone,  1186 


Zirconium,  detection  of,  618 
estimation,     gravimetric    precipitating 
as  hydroxide.  621 
as  oxide  in  presence  of  iron  ox- 


a  phosphate,  620 
-    618 


preparation  and  solution  of  the  sample, 
materials  high   in   silica,   618 
mineral  oxides,  619 
separation   from   cerium   and   the  iron 
groups,  619 
from    iron,   titanium,    and    thorinni, 
619 
determination  in  steel,  268,  269 


D.    VAN    NOSTRAND    COMPANY 


8  WARREN  STREET 
NEW  YORK 


SHORT-TITLE  CATALOG 

OP 

Publications   ani)  Jntportations 


SCIENTIFIC    AND    ENGINEERING 
BOOKS 


This  list  includes 

the  techoical  publications  of  the  following  Engliah  poblishett: 

SCOTT,  GREENWOOD  &  CO.      JAMES    MUNRO   &    CO.,    Ltd. 

CONSTABLE&COMPANy.Ltd.    TECHNICAL  PUBLISHING  CO. 

BENN  BROTHERS,  Ltd. 

for  whom  D.  Van  Noitrand  Company  are  American  acenti. 


Maboh,  1932 

SHORT-TITLE  CATALOG 

opihb 

Publications  and  Importations 

OF 

D.  VAN  NOSTRAND  COMPANY 
8  WARREN  ST.,  N.  Y. 

AW  1»rlcm*  in  thU  U*1  arm  J<fKT. 

A.U  binding*  or*  m  dolh  unlmt*  olh^rtuitm  naiad. 

^rie*r  ■tubjtet  to  chang*  a>lf/*ou1  nvtle*. 


Abbott,  A.  T.    The  Electrical  Timnanusuon  of  EneiKy Sto,  $6  oo 

Abiahjjn,  Hubert    Asphalts  and  Allied  Snbstuicea Bto,  e  oo 

Adam,  P.    Practical  BoolcbiudinK latuo,  a  50 

Adams,  B.    Tbeoiy  and  Practice  in  Deafenings — 8vo,  *a  50 

Adams,  H.  C.    Sewage  of  Sea  Coast  Towna Sto,  *a  50 

Adams,  J.  W.    Seweis  and  Drains  for  Popalona  Diatricta. ....  ..Bro,  i  50 

Addyman,  F.  T.    Practical  X-Ray  Work Svo,  5  m 

Adlei,  A.  A.    Theory  of  EDgineeTing  Drawing Sto,  1  50 

Principle*  of   Parallel   Piojecting-line  Drawing Btd,  i  19 

Aitchison,  L.     EDgineering   Steels Svo.  e  oo 

Aitkeo,  W.    Manual  of  the  Telephone 8to,  *&  00 

Automatic  Telephone  Syatema.    Vol.  1 4t«,  750 

Vol.  II   '. U»  PresJ.) 

d'Albe,  E.  E.  F.    Contemporary  Chemistry lamo,  i  50 

Alexander,  j.     Colloid  ChemiBtiy lamo,  i  00 

Anderson,  J.   W.     PiDspector'H   Handbook lamo,  x  00 

Andfa,  L.    Vegetable  Fats  and  Oils Bto,  *6  00 

Animal  Fats  and  Oils 8to,  6  00 

Drying  Oils,  Boiled  Oil,  and  Solid  and  Liquid  Driers Svo,  *6  00 

Iron   Corrosion,  Anti-fouling   and  Anti-COiroaive   Paints Svo,  Q  00 

Oil   Colors,   and   Printers'   Ink Svo,  40a 

Treatment   of  Paper  for  Special   Purposes tamo,  300 

Andrews,  E.  S.    Reinforced  Concrete  Construction iimo,  *a  00 

Theory   and   Design   of   Structures Bvo,  '350 

Further  Problems  in  the  Theory  and  Design  of  Stmctnies. ..  .8to,  *i  50 

The  Strength  of  Materials Bva,  *4  00 

Elastic  Stresses  in  Structures Svo,  9  00 

Andrews,  E.  S.,  and  Heywood,  H.  B.    The  Calculus  for  EnginMn.iamo,  *a  00 
Annual  Reports  on  the  Progress  of  Chemistry.     Seventeen  volnmes 

now  ready.    Vol.  I.,  1904,  Vol.  XVII.,  1931 Bvo,  each,  3  00 

Armstrong,  R.,  and  Idell,  F.  E.    Chimneys  for  Furnaces  and  Steam  BoUera. 

idmo,  o  75 

Arnold,  E.    Armature  Windings  of  Direct-Current  Dynamos Bvo, 

(,Kf printing. ) 


D.  VAN  NOSTRAND  CO.'S  SHORT  TITLE  CATALOG 

Aach,  Wq  and  Aacb,  D.    The  Silicatea  in  Chemlitiy  and  Commerce. Svo, 
Aahe,  S.  W.,  and  E«iler,  J.  D.    Electric  lUilwaji.  TbeotetlcaUj  and 

Pnctkallr  Treated.    VoL  L  Rolling  Stock lamo,    * 

Aeha,  S.  W.    Electric  Rallwaye.    VoL  IL  Engineering  PreliminarieB  and 

Diiect  Coirent  Snb-Statlons lamo,    * 

Electricity :  Experinentallr  and  PncticaUy  J^pUed i  imo,    * 

AaUer,  S.  H.     Chemical   Calcnlatloni tamo, 

Atktnaon,  A.  A.    Electrical  and  Magnetic  Cakolationf Svo,    * 

Atkinaon,  J.  ].    Friction  of  Aii  in  Minea i6mo, 

AtUnwMi,  J.  J.,  and  WilUama,  Jr.,  E.  H.    OaaeB  Met  irith  In  CotU  Mines. 

tSmo, 

Atkinsoii,  P.    The  Element*  of  Electric  Lighting iimo, 

The  Elementi  of  DToamlc  Electricity  and  Magnetiam lamo, 

AncMneloia,  W.  S.     Link  and  Valve  Motions  Simplified Svo, 

Aadley  J.  A.    SlUca  and  the  SiUcatM 8vo, 

Anatiii,  E.     Single   Phase   Electric   Kailwaya 4t0,    * 

Anatin,  Wm.  E.    Principles  and  Practices  of  For  DreealBg  and  Dyeing, 
Svo  (In  Press.) 

Avitla  and  Cohn.   Pocketbook  of  Sadiotel^rapbjr (In  Press.) 

Ayre,  A.  L.    British  Shipbuilding ^ Svo, 


^Jhick-Lens    Optlci.. 

Baker,  G.  S.    Ship  Foim,  Resistance  and  Screw  Pnpalaioii Svo,  *4  50 

Baker,  I.  0.     Levelling i6mo,  o  75 

B^er,  M.  n.     Sewerage  and  Sewage  Pvri£cation 

Baker,  T.  X.    Telegraphic  Tranamisnos  of  Photographa. . 

(Rtpriniing.) 
Bale,  6.  R.    Modem  Iron  Fonndry  Practice,    isno. 

ToL    I.    Foundry  Equipment,  Materials  Deed *3  00 

Ball,  J.  W.     Concrete   Structures  in   Kailwaya Svo,  '150 

Ball,  R.  S.    Popular  Guide  to  the  Heavens Svo,  7  50 

Ratnral  Sources  of  Power Svo,  1  50 

Ball,  W.  V.     Law  AfTecting  Engiueers gvo,  '3  50 

BanksoQ,  Lloyd.     Slide  Valve  Dtagrams iCmo,  o  75 

Barham,  G.  B.   Development  of  the  Incandescent  Electric  Lamp.  .Svo,  1  30 

Barker,  A.  F.    Textiles  and  Their  Mannfactnre Svo   (Repriutittg.) 

Barker,  A.  F.,  and  Hidgley,  B.    Analysis  of  Woven  Fabrics Svo,  5  oi> 

Barker,  A.  H.    Graphic  Methods  of  Engine  Dealgn lauo,  1  00 

Heating  and  Ventilation 4to,  goo 

Barnard,  J.  H.    The  ITaval  Militiaman's  Galde iSmo,  leather  i  00 

Barnard,  Major  J.  G.    Rotary  Motion i6mo,  o  75 

Barnes,  J.  B.     Elements  of  Military  Sketching idme.  *o  75 

Bamett,  E.  dcB.     Coal-Tar  Dyes  and  Intermediates Svo,  3  jo 

Ei^losives    Svo,  5  00 

Synthetic   Dyes Svo    (In  Press.) 

Anthracene  ind  Anthraqninone Svo,  g  00 

BarrowcliSe,  M.,  and  Carr,  F.  H.     Organic  Medical  Cbemlcalt.  .Svo,  4  00 

Barms,  G.  H,    Engine  Testa Svo,  *4  00 


4  D.  VAN  NOSTRAND  CO.'S  SHORT  TITLE  CATALOG 

BaWrden,  J.  K.    Timber 8»o,    • 

Bates,    B,    L.,    uid    Charletworth,    F.     Practical    HatheniBtics    and 
Geometrr tamo, 

Part      I.    Preliminary  Couise 

Part    II.     Elementary   Course 

Part  III.     Advanced  Couise 

Practical   Hathematici lamo,    ' 

Practical    Geometry   and   Graphics i2mo, 

Batey,  J.    The  Science  of  Works  Management lamo,    * 

Steam  Boilets  and  Combu&tion iimo,    * 

Bayonet  Training  Manual lemo, 

Beadle,  C.    Chapters  on  Papermaking.    Five  Volumes tamo,  each, 

Beaumont,  R.    Color  in  Woven  Design. bvo,     * 

—  Finishing  of  Textile  Fabrics 8yo,    • 

—  Standard  Cloths  8to,     • 

Woollen  and  Worsted Svo,    ■ 

Beaumont,  W.  W.    The  Steam-Engine  Indicator 8vo, 

Bechhold,  H.    Colloids  io  Biology  and  Medicine 8vo, 

Beck,  E.  G.    Tank  Constmction 8vo, 

Beckwith,  A.    Pottery 8vo,  paper. 

Bedell,  F,     The  Airplane 8to,' 

BedeU,  F.,  and  Pierce,  C  A,    Direct  and  AltenutiiiK  Cnnttit  Uanual. 

Beech,  F.     Dyeing  of  Cotton  Fabncs 8vo, 

Dyeing  of  Woolen  Fabrics 8to,    • 

Beggs,  G.  B.    Stresses  In  Railwar  Girdors  and  Bridges (In  Preaa.) 

Begtrup,  J.     The  Slide  Valve 8vo,     », 

Bender,   C.   E.     Continuous   Bridges i6mo, 

PiopoTtions  of   Pins  Dsed   in  Bridges .lemo, 

Bengough,  G.  D,     Brass (In   Press.} 

Bennett,  H.  G.    The  Manufacture  of  Leather 8va, 

Animal  Proteids   Svo, 

Beinthsen,  A.    A  Text-book  of  Organic  Chemistry lamo, 

Bersch,  J.    The  Manufacture  of  Earth  Colors lamo, 

Beveridge,  J.    Papermaker's  Pocket  Book lamo,    ". 

Binnie,  Sir  A.    Rainfall  Seservoirs  and  Water  Supply 8to, 

Binns,  C.  F.    Manual  of  Practical  Potting Svo, 

The   Potter's  Craft larao   {\ew  EdUioa  in  Press.) 

Birchmore,  W.  H.    Intcrpreiation  of  Gas  Analysis.... lamo,     * 

Blaine,  R.  G.     The  Calculus  and  Its  Applications lamo,    " 

Blake,  £.  H.    Drainage  and  Sanitation svo, 

Blanchaid,  W,  M.    Laboratory  Exercises  in  General  Chemistry.  .lamo, 

Blasdale,  W.  C.     Quantitative  Chemical  Analysis lamo, 

Bloch,   L.     Science   of   lUnminBtion Svo, 

Blyth,  A.  W.    Foods:  Their  Composition  and  Analysis 8vo, 

—-Poisons:    Theii   Effects    and    Detection --Svo,    i 

Bockmann,  F.    Celluloid lamo, 

Bodmer,  G.  R.    Hydraulic  Motors  and  Turbines iimo, 

Boileau,  J.  T.    Traverse  Tables Svo,      ; 


D.  VAN  NOSTRAND  CO.'S  SHORT  TITLE  CATALOG 

Boone,  W.  T.    A  Complete  Course  of  Volumetric  Analysii lamo. 

Booth,  H.    Guide  to  the  Rins-apiniuiig  Frame lamo,    ' 

Booth,  W.  H.    Water  Softening  and  Treatment 8vo, 

Superheaters  and  Superheatinfc  and  Theii  Control Svo,     ' 

Bottcbei,  A.    Cranes:   Their  Construction,  Mechanical  Bqaipment  and 

Working    4to    (.Reprinting.) 

Bottler,  M.    Modem  Bleaching  Agents iimo, 

Bottone,  S.  R.    Magnetos  for  Automobiliata ramo,     ' 

Electro -Motors,  How  Made  and  How  Qse lamo, 

BouTcart,  £.     Insecticides,  Fungicides  and  Weedkillers Svo,    ' 

Bouigougnon,  A.     Physical   Problemi ifimo, 

Bonrry,  E.     Treatise  on  Ceramic  Industries 870, 

Bowden-Smith,  E.  C.     Efficiency  of  Pumps  and  Ejectors Bvo, 

Oil  Firing  for  Kitchen  Ranges  and  Steam  Boilers svo, 

Bowie,  A.  J.,  Jr.    A  Practical  Treatise  on  Hydraulic  Mining Svo, 

Bowles,  0.    Tables  of  Common  Rock* lemo. 

Bowser,  E.  A.    Elementary  Treatise  on  Analytic  Geometry    ramo, 

ElementaryTreatlse  on  the  DifEerenliBland  Integral  Calculus,  tsmo, 

— ^-  Elementary  Treatise  on  Analytic  Mechanics iimo, 

Elementary  Treatise  on  Hydro-mechanics lamo, 

A  Treatise  on  Roofs  and  Bridges lamo,     * 

Boycott,  G.  W.  M.    Compressed  Air  Work  and  Diving Svo,    ' 

Boyd,  P.  P.,  Davis,  J.  H.,  and  Rees,  E.  L.     A  Course  in  Analytic 

Geometry    (In   press. ) 

Bradford,  G.    Whys  and  Wherefores  of  Navigation. . .  .fabrikoid,  lamo, 

Sea  Terms  and  Phrases i2mo,  fabrikoid  (In  Press.) 

Bragg,  E.  M.  Design  of  Marine  Engines  and  Auxiliaries .  .fabrikoid,  Svo, 

Btasaey's  Naval   Annual   for   tgao Svo,     1 

Briggs,  R.,  and  Wolff,  A.  R.    Steam-Heating i6mo. 

Bright,  C.    Telegraphy,  Aeronautics  and  War Svo, 

'  Brislee,  T.  J.    Introduction  to  the  Study  of  Fuel Svo, 

Broadfoot,  S.  K.     Motors:    Secondary  Batteries timo, 

BrOHghtOD,  H.  H.    Electrical  Handling  of  Haterials. 

Vol.  I.,  Electrical  Equipm^t 4to, 

Vol.  n.,  Structural  Work 4to, 

Brown,  G.    Healthy  Foundations i6mo, 

Brown,  H.     Irrigation Svo, 

Brown,   H.     Rubber Bvo, 

Brown,  W.  A.    Portland  Cement  Indaatry Bvo  (Repriniing.) 

Brown,    Wm.    H.      Dipping,    BuTnishlog,    Lacquering    and    Broniing 

Brass  Ware  iimo,    ■ 

Handbook    on   Japanning lamo,     * 

The  Art  of  Enamelling  on  Metal iimo. 

House    Decorating    and    Painting iirao,    ' 

History  of  Decorative  Art. urao    ' 

Workshop   Wrinkles Bvo,    ' 

Browne,  C.  L.     Fitting  and  Erecting  of  Engines Svo,     * 

Bruce,  E.  H.    Detection  of  Common  Food  Adulterants lamo, 

Bronner,  B.    Manufacture  of  Lubricants,  Shoe  Polishes  and  Leather 

Dressings    Bvo, 

Buel,  B.  H.    Safety  Valves i6mo, 

Bolman,  H.  P.,  and  Mills,  F.  P.  Mine  Reacne  Work  and  Organisation. 

(/»  Press.) 
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BunUey,  J.  W.    HUitvy  and  Naval  Bccognition  Book t6auh  i  oc 

Svilty,  G.  W.    Lathes.    Their  Conatnictlon  and  Operation lamo,  »  oo 

• Machine  and  Fitting  Shop  Practice,    i  vola tame,  each,  a  oo 

Teating  of  Machine  Toola lamo,  a  oo 

Btunaide,  W.     Bridge   Fooadationa isnui,  *a  oo 

Buistall,  F.  W.    Energy  Diagram  for  Oas.    With  Text Svo,  I  50 

. Diagram.    Sold  separately *1  00 

Burt,  W.  A.    Key  to  the  Solar  Compass i6ma,  leather,  3  50 

Bufkett,  E.  W.     Fire  AMaying lamo,  "i  as 

Butler,  R.  J.     Motor  Bodies  and  Chassis 8*0,  *3  00 

Butler,  T.  H.    Ad  Oil  Trade  Calculator.' lamo,  3  00 

Byers,  H.  G.    An  Outline  of  Qualitative  Analysis  of  Inorganic  Sub- 


Cain,  W.    Brief  Course  io  die  Calculus lamo,  *i  75 

Elastic    Arches    lemo,  o  75 

Maximum    Stresses    lemo,  o  75 

— —  Practical  Designing  Retaining   of  Walls lemo,  o  75 

~  Theory   of   Steel-concrete   Archea  and  of   Vaulted    Structures. 

i6mo,  o  75 

. Theory  of   Toussoir  Arches i6mo,  o  75 

Calvert,  G.   T.     The  Manufacture    of   Sulphate    of    Ammonia    and 

Crude  Ammonia  tamo,  4  oo 

Cameron,  J.  W.     Centrifugal  Pumps 8vo,  3  75 

Camm,    S.;    Aeroplane   Construction lamo,  3  00 

Carey,  A.  E..  and  Oliver,  F.  W.    Tidal  Lands Svo,  500 

Caihsrt,  E.  S.   Thenno  Electromotive  Force  in  Electric  Cells. .  .lamo,  a  00 

Carpenter,  S.  C,  and  Diederichs,  H.   Internal  Combustion  Engines. Svo,  5  50 

Carpmael,  H.     Electric  Welding  and  Welding  Appliances 4tD,  400 

Carter,  H.  A.    Ramie  (Rhea),  China  Grass lamo,  *3  00 

Carter,  H.  S.     Modern  Flax,  Hemp,  and  Jute  Spinning Svo,  *3  50 

Bleaching,  Dyeing  and  Finishing  of  Fabrics Svo,  '135 

Cary,  E.  R.  Solution  of  Kailroad  Problems  with  the  Slide  Sale.i6mo,  i  as 

easier,  M.  D.     Simplified  Reinforced  Concrete  Mathematics. ..  .lamo,  i  as 

Cathcart,  W.  L.    Machine  Design.    Fart  I,    Fastenings Svo,  3  so 

Cathcort,  W.  L.,  and  Chaffee,  J.  I.    Elements  of  Graphic  Statics . .  8vo,  '3  00 

Short  Course  in  Graphics ismo,  I  50 

Caven,  R.  H.    The  Foundntions  of  Chemical  Theory Svo,  4  00 

Caven,  R.  M.,  aud  Lander,  G.  D.  Systematic  Inorganic  Chemistry.  lamo,  a  as 

Cfaalkley,  A.  P.    Diesel  Engines Svo,  5  00 

Chalmers.  T.  W.    The  Production  and  Treatment  of  Tegetahle  Oil^ 

4*0,  7  so 

-^ —  Paper  Making  and  its  Machinery 4to,  B  00 

The  Gyroscopic  Compass. Bvo  4  00 

Chambers'    Mathematical    Tables Svo,  a  50 

Chambers,   G.   F.     Astronomy temo,  a  50 

Chappel,   E.     Five   Figure   Mathematical   Tables Svo,  9  so 

Charnock,    Mechanical    Technology. Svo,  3  so 

Charpentier,   P.     Timber Svo,  *6  00 

Chatley,  H.    Principles  and  Designs  of  Aeroplanes tfimo,  o  7s 

How  to  Use  Water  Power iimo,  *!  50 

Gyrostatic  Balancing Svo,  *i  as 

Child,  C.  D.    Electric  Arc 8to,  *a  00 
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Chriatiaii,  H.  ,Ditiiifection  «nd  DinnfectanU tamo,  >  so 

Christifl,  W.  W.    Btriler-wftten,  Scale,  Corrosion,  FoaminE 8to,  *3  00 

Chinnej  Design  and  Theory 8vo,  '3  00 

Ftunace  Draft    »6nio,  075 

. Water:  Its  Purification  and  Vat  in  the  Industries 8vo,  3  o" 

Christopher,  T.  E-  and  Byrom,  T.  H.    Modern  Coking  Practice,  2  toIs., 

Svo,  a  00 

Church's  Laboratory  Guide 8vo,  a  jo 

Cisin,  H.  G.    Modern  Marine  Engineering lamo,  fabrikoid,  3  00 

jPractical  Electrical  Engineering lamo.  »  <» 

Claphani,  J.  H,    Woolen  and  Worsted  Industries,,   Svo,  a  00 

Clapperton,    G.     Practical    Papetmsking 8to,  300 

ClariE,  A.  G.    Motor  Car  Engineering. 

VoL   I.    Construction '4  00 

Vol.  II.     Design    -Svo,  '3  5° 

Clark,  C.  H.    Marine  Gas  Engines.    Mew  Edition a  00 

Clarke,  J,  W.,  and  Scott,  W.    Plumbing  Practice. 

Vol.      I.     Lead  Working  and  Plumbers'  Materials   ., Bvo,  "400 

Vol.    II,    Sanitary  Plumbing  and  Fittings ( /n  Press.) 

Vol.  in.     Practical  Lead  Working  on  Roofs (!n  Press.) 

Clarkson,  R.  P.     Elementary  Electrical  Engineering lamo,  a-00 

Clerk,  D.,  and  Idell,  F.  E,    Theory  of  the  Gas  Engine i6mo,  o  75 

Clevenget,  S.  R.    Method  of  Government  Surveying i6roo,  morocca,  a  50 

Clouth,  F.     Rubber,  Gutta-Percba,  and  Balata Svo   (Reprinling.) 

Cochran,  J.    Concrete  and  Reinforced  Concrete  Specifications Svo,  *a  50 

Treatise  on  Cement  Specifications 870,  *i  00 

Cocking,  W.  C.    Calculations  for  Steel-Frame  Structures iimo,  *a  50 

Coffin,  T-  H.  C,  and  Collins,  B.  B.    Navigation  and  Nautical  Astronomy, 

tamo,  fabrikoid,  3  00 

Colburn,  Z,,  and  Thurston,  R.  H.     Steam  Boiler  Explosions. .,  ,i6mo,  075 

Cole,   H.   S.     Treatise  00  Photographic  Optics .t»mo,  a  00 

Cotes,  A.  C.     Critical  Microscopy Svo   (/ii  Press.) 

Coles-Finch,   W.     Water,   Its   Origin   and   Use Svo,  350 

Collin<!,  C.  D.    Drafting  Room  Methods,  Standards  and  Forma Svo,  a  00 

Collins,  S,  Hoare.    Plant  Products  and  Chemical  Fertiliiers .Svo,  3  00 

Chemical    Fertilizers Svo,  3  50 

Collis,  A.  G.    High  and  Low  Tension  Switch-Gear  Design Svo,  *3  50 

Switchgear    lamo,  o  Jo 

Colver,  E.  D.  S.    High  Explosives Bvo,  10  00 

Constock,  D.  F.,  and  Troland,  L.  T.    The  Hatnre  of  Electricity  and 

"Matter lamo,  a  50 

Coomba,  H.  A.    Gear  Teeth , ,  i6mo,  o  75 

Cooper,  W,  B.    Primary  Batteries Svo,  "6  00 

Copperthwaite,  W.  C,    Tunnel  Shielda 4to  (Rrpnnluig.) 

Corfield,  W.  B.    Water  and  Water-Supply i6rao,  o  75 

Cornwall,  H.  B.    Manual  of  Blow-pipe  Analysis Svo.  *a  50 

Coigrove,  J.  F.     Coal Svo,  3  50 

Couch,  J.  F.    Dictionary  of  Chemical  Terms iimo,  fabrikoid,  1  50 

Cowee,  G.  A.    Practical  Safety  Methods  and  Devices Svo,  4  00 

Cowell,  W.  B.    Pure  Air,  Ozone,  and  Water lamo,  *a  50 

Craig,  J.  W.,  and  Woodward,  W.  P.     Questions  and  Answers  About 

Electrical  Apparatus lamo,  leather,  150 

Craig,  T.    Wave   and   Vortex  Motion i6raa,  075 
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Crehoie,  A.  C.    Hysteiy  of  Hatter  and  Energy tamo,  i  oo 

The  Atom iimo,  a  oa 

Crocker,  F.  B^  and  Arendt,  H.     Electric  Hotors Bto,  3  co 

Crocker,  F.  B.,  and  Wheeler,  S.  S.    Th«  Hanagement  of  Electrical  Ma- 
chinery   luno,  *i  00 

Crosby,  E.  U.,  Fiake,  H.  A.,  and  Forater,  H.  W.     Handbook  of  Fire 

Protection  fabrikoid,  lamo,  4  oo 

Crou,  C.  F.,  Bevan,  £.  J.,  and  Sindall,  R.  W.    Wood  Pulp  and  Its 

Uses    8TO,  3  50 

Cioaakey,  L.   B.     Elementary  Peripective Svo,  i  50 

Croaakey,  L.  B.,  and  Thaw,  J.    Advanced  Perapective Bto,  1  00 

Cushing,  H.  C,  Jt.,  And  HuiiMiit  IT.    Cential  Sution  Management. . .  *3  00 

Dadomiao,  H.  M.    AulTtieal  Hecbanica lamo,  3  75 

Graphic  Statics  Svo,  o  75 

Dauby,  A.    Natiml  Rock  Asphalts  snd  Bitumens Svo,  *a  50 

Darling,  £.  K.    Inorganic  Chemical  Synonyms iimo,  t  00 

Davenport,  C.    The  Book Bvo,  a  50 

Davey,  H.    The  Gas  Tnrbine 8vo,  '4  00 

Danes,  F.  H.    Electric  Power  and  Traction Sm,  *a  00 

Foundations  and  Machinery  Fixing ifimo,  100 

Davies,  J.  H.    Modern  Methods  of  Welding (in  Prtss) 

Davi^  A,  M.    Introduction  to  Palaeontolqgy Svo,  3  50 

Deerr,  N.    Sugar  Cane Bvo,  is  00 

Deite,  C.    Manual  of  Toilet  Soap-Making avo,  7  50 

De  la  Couz,  H.    The  Industrial  Dses  of  Water Svo,  5  00 

Del  Mat,  W.  A.    Electric  Power  Conductors Svo,  *a  00 

Denny,  G.  A    Deep-level  Mines  of  the  Band 4to,  *io  00 

De  Roos,  J.  D.  C.     Linkages lOmo,  o  75 

Derr,  W.  L.    Block  Signal  Operation Oblong  tamo,  *i  50 

Desaint,  A.    Three  Hundred  Shades  and  How  to  Mix  Them svo,  *}  00 

De  Vaiona,  A.    Sewer  Gases i6mo,  a  75 

Devey,  R.  G.    Mill  and  Factory  Wiring lamo,  i  00 

Dichmann,  Carl.     Basic  Open-Heaith  Steel  Process .--Bvo,  400 

Dieteiich,  K.    Analysis  of  Reains,  Balsams,  and  Gum  Kesins Bvo,  7  oo 

^Dilworth,  E.  C.     Steel  Railway  Bridges 4*0,  6  00 

Dinger,  Lieut.  B.  C.    Care  and  Operation  of  Nsval  HaGhineiy...i3iQ0,  '3  00 
Dixon,  D.  B.    Machinist's  and  Steam  Engineer's  Practical  Calculator. 

idmo,  morocco,  i  35 

Dobson,  E.    Manufacture  of  Bricks  and  Tiles lamo,  3  75 

Dommett,  W.  E     Motor  Car  Mechanism tamo,  *3  00 

Dorr,  B.  F.    The  Surveyor's  Guide  and  Pocket  Table-book. 

r6ino,  morocco,  a  00 

Draper,  C.  H.    Heat  and  the  Principles  of  Thenno-Dynamics.  izmo,  a  as 

Draper,  E.  G.    Navigating  the  Ship fabrikoid,  tamo,  a  00 

Dubbel,  H.    High  Power  Gaa  Engines 8vo,  "5  00 

Dumbleton,  J.  E.    Aenal  Navigation tamo,  4  00 

Dumesny,  P.,  and  Noyer,  J.    Wood  Products,  Distillates,  and  Extracts. 

Svo,  6  50 
Duncan,  W.  G.,  and  Penman,  D.    The  Electrical  Equipment  of  Collieries. 


Dunkley,  W.  G.  Design  of  Machirii  Elements.  Two  volumes,  .Svo.each, 
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Donstan,  A.  E.,  and  Thole,  F.  B.  T.    Textbook  of  Practical  Chemistrr. 

i*mo,      3  00 

Durand,  W.  F.    Hydraulics  of  Pipe  Lines 8vo,      4  50 

Vuihatn,  H.  W.    Saws 8vo,  a  50 

Outhie,  A.  L.    Decorative  Glass  Piocesaes Bvo,  350 

Dmgbt,  H.  B.    TransmissioD  Line  Foimulas   8to,  *2  00 

Dyke,  A.  L.     Dyke's  Automobile  and   Gasoline  Engine   Encyclopedia, 

8vo,  e  00 

Dyson,  S.  S.    A  Manual  of  Chemical  Plant.    iz  parts. ..  .4to,  paper,  7  jo 

Dyson,  S.  S.,  and  Clatksou,  S.  S.     Chemical  Woiks 8vo,  ^9  00 

Ecdes,  W,  H.    Wireless  Telegiaphy  and  Telephony iimo, 

{New  Edition  in  Preparation.) 

Eck,   J.     Light,   Radiation   and   Illumination Svo,  350 

Eddy,  L.  C.    Laboratory  Manual  of  Alternating  Currents... — iimo,  o  50 

Edelman,  P.     Inventions  and  Patents i»mo,  a  00 

Edgcumbe,  E.    Industrial  Electrical  Measuring  Instruments 8to,  s  00 

Edier,   R.     Switches   and   SwitcliKear Svo,  3  50 

Eisaler,  M.     The  Metallurgy  of  Gold 8vo,  9  00 

The  Metallurgy  of  Silver    870,  4  00 

The   Metallurgy   of   Aigentiferous   Ltad ,...Bvo,  615 

Ekin,  T.  C.     Water  Pipe  and  Sewage  Discharge  Diagrams folio,  *3  00 

Eliot,  C.  W.,  and  Storer,  F.  H.    Compendious  Manual  of  Qualitative 

Chemical   Analysis iimo,  i  jo 

Eliott,  A.  W.  M.     Rectangular  Areas lamo,  3  00 

Ellis,  C.     Hydrogen  a  tiolTbf  Oik ■ .  -8vo,  7  50 

Ultraviolet  Light,  Its  Applications  in  Chemical  Arts ismo, 

(In  Press) 
Ellis,  C,  and  MacLeod,  A.  L.    Vital  Factors  of  Food.. Svo  (/«  Press.) 

and  Meigs,  J.  V.    Gasoline  and  Other  Motor  Fuels Bvo,  10  00 

Ellis,  G.     Modern  Technical  Drawing Svo,  'a  00 

— —  Modern  Practical  Carpentry 4to,  7  50 

Ennis,  Wm.  D.     Linseed  Oil  and  Other  Seed  Oils Svo,  500 

Applied   Thermodynamics Svo,  5  00 

Thermodynamics,  Abridged   Bvo,  4  oo 

—  —  Vapors  for  Heat  Engines i2nio,  'i  00 

Ermen,  W.  F.  A.     Materials  Dsed  in  Sizing Svo,  *a  00 

Erwin,  M.     The  Un'verEe  and  the  Atom lamo   I  Heprmllnij.) 

Eving,   A.   J.     Magnetic   Induction   in   Iron,. Svo,  500 

Fabsr,  0.    Ferraris'  Dioptric  Instruments Svo,  3  00 

Fage,  A.     Airscrews   in   Theory   and   Practice 4to,  1000 

''airchild,  J.  F.     Graphical  Compass  Conversion  Chart  and  Tables...  o  so 

Fairie,   J.     Notes   on   Lead  Ores lamo,  'o  50 

-Notes  on   Potterv  Clavs iimo,  'a  00 

Fairley,  W.,  and  Andre.  Geo.  J.     Ventilation  of  Coal  Mines..    .i6mo,  o  75 

Fairweather,  W.  C.    Foreign  and  Colonial  Patent  Laws Svo,  '3  00 

Falk,  K.  G.   Chemic3l  Pj-cilonE:  Their  Supply  ard  Mechapi?m.    iimo,  a  53 

Fanning,  J.  T,    Hydraulic  and  Water-supply  Fngineering 8vo,  '5  00 

Farnsworth,  P.  V.    Industrial  Mathematics .-..ri-no,  a  s-j 

Fav,  L  W.    The  Coal-tar  Dves Svo.  s  o-^ 

Fembach,  R.  L,    Glue  and  Gelatine Svo,  *.    ■■> 
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Fien-David,  Di.  H.  E.    The  FnndameiiUl  FioccaMt  of  Djie  ChemiaUy, 

Sto,  6  00 

FindUy,  A.    The  Treainm  of  Cod  Tor iinw,  i  a; 

Fittli,  J.  B.    Practical  Fbjrucal  Chemistry iimo,  i  35 

Fischer,  E.    The  Prepoiatlon  of  Organic  CompoanAa iimo,  a  oc 

Piaber,  H.  E.  C,  and  Daiby,  W.  C.    Sabmailiie  Cable  Taatins.  ..Sro,  4  oo 

fleischmann,  W.    Tbe  Boole  of  the  Dairy Sto  (RepriHling.) 

Fleming,  J.  A,    The  Altemate-comnt  Transtormer,    TwoVoltnneB.  Sro 

Vol.    I.    Tbe  Induction  of  Electric  Curenta "6  50 

Vol,  n.    The  Utilization  of  Induced  Cnnenta 6  50 

Propagation  of  Electric  Carrents 8to,  3  75 

A  Handbook  for  the  Electrical  Laboratory  and  TestliiK  Koom.    Two 

Volumet 8vo,  each,  **  S" 

Fleury,  P.     Preparation  and  Uses  of  White  Zinc  Paints Svo,  3  00 

Fiynn,  P.  J.    Flow  of  Water iimo,  o  75 

Hydraulic   Tables    tSno,  o  75 

Formanek,  Dr.  ].     Bentine  and  Mineral  Lnbricanta Svo,  5  00 

FoBtef ,  H.  A.    Electrical  Engineers'  Pocket-book.     (Seventh  Bdiivm.) 

luno,  loathef,  5  00 

Eogineering  Valuation  of  Public  Utilities  and  Factories Sto,  '3  00 

Fowie,  F.  F.    Overhead  Tranamissiott  Line  CiossingB iimo,  *i  50 

The  Sedation  of  Alternating  Current  Problams Svo  (fn  Prett.) 

Fox,   W.   G.     Transition   Cnrrei iCmo,  o  75 

Fox,  W^  and  Thomas,  C.  W.    Practical  Couiae  in  Hodumical  Draw- 
ing   ramo,  i  as 

Foye,  J.  C.    Chemical  Problems i6mo,  o  75 

. Handbook   of   Mineralogy i6mo,  o  75 

Frauds,  J.  B.    Lowell  Hydraulic  Ezpeiiments 4to,  15  00 

Franzen,  H.     Exerciiea  in  Gas  Analysis lamo,  *t  00 

Fiasei,  E.  S.,  and  Jones,  R.  B.    Motor  Tehiclee  and  Their  Ei^^nea, 

Svo,  fabnkoid,  2  00 

Frederick,  R.  C,  and  Fotster,  A,    Public  Health  Chemical  Analysi8..Svo,  4  jo 

Freudemacher,  P.  W.    Electric  Mining  Installations lamo,  i  00 

Fliend,  J.  H.     The  Chemistry  of  Linseed  Oil unto,  i  00 

Fritsch,  J.    Manufacture  of  Chemical  Manures        Svo,  6  00 

Frye,  A.  I.    Civil  Engineers'  Pocket-book ramo,  leather,  *5  00 

Fuller,  G.  W.    Investigations  Into  the  Purification  of  dte  Ohio  River. 

4to,  *io  00 
Fumell,  J.    Paints,  Colors,  Oils,  and  Varnishes Svo  (Reprinting.) 

Ganiwindt,  A.    Dyeing  Silk,  Mixed  Silk  Fabrics  and  Artificial  Silks, 

Gant,  L.  W.    Elements  of  Electric  Traction Svo,  *a  50 

Garcia,  A.  J.  S.  V.     Spanish- English  Railway  Terms Svo,  3  00 

Gardner,  B.  A,     Faint  Researches,  and  Their  Practical  Applications, 

Gardner,  J.  W.  F.     Earthwork  in  Railway  Engineering Svo,  3  50 

Gaiforth,  W.  E.    Rules  for  Recovering  Coal  Mines  after  Eiploaions  and 

Fires - lamo,  leattier,  r  50 

Ganard,  C.  C.    Electric  Switch  and  Controlling  Gear Svo,  10  oo 


D.  VAN  NOSTRAND  CO.'S  SHORT  TITLE  CATALOG       ii 

G«ar,  H.  B,  uid  Williuns,  P.  P.    Electric  CentnU  Sution  Distribution 

Syatenu    B»o,    *3  5"> 

Geddeo,  A.  E.  H.    Heteoiolosy Un  Presi.) 

Geeiligs,  H.  C.  P.    Cane  Sug«i  and  Ita  Manufacture. 8ro.  (.Rtprinting.) 

Chemical  Control  in  Cane  Sugar  Factories. 4to,      500 

Geikie,  J.     Structural   and  Field  Geology Sro,      7  50 

Georgi,  F.,  and  Schubert,  A.     Sheet  Metal  Workiiig Bvo,      3  50 

Geihard,  W.  P.    Sanitation,  Wateraupply  and  Sewage  Diapoial  of  Country 


Gaa  Lighting   i6mo, 

Household  Wastes    ifimo, 

House   Drainage    lemo, 

Sanitary  Drainage  of  Buildings lemo, 

Gerhardi,  C.  W.   H.     Electricity  Meter* in, 

Gibbings,  A  H.     Oil  Fuel  Equipment  for  Locomottvea.     8to. 

iRefrinling.) 

Gibbs,  W.  E.    Lighting  by  Acetylene iimo,    ■ 

Gibaon,  A.  H.    Hydraulics  and  Its  Application Bvo, 

Water  Hammer  in  Hydraulic  Pipe  Lines lamo.  (Reprinting.) 

Gibson,  A.  H.,  and  Ritchie,  E.  G.    Circular  Arc  Bow  Girder 4to,    '- 

GUbreth,  F.  B.    Motion  Study lamo,    ■ 

Primer  of  Scientific  Management lamo, 

Gill,  A.  H.     Gaa  Analysis  for  Chemists Bvo, 

Gillmoie,  Gen.  Q.  A.    Boada,  Streets,  and  Pavementa lamo, 

Gudfrey,  E.    Tables  for  Structural  Engineers i6mo,  leather, 

Gelding,  H.  A.    The  Tbeta-Pbi  Diagram ismo, 

Goodchild,  W.     Precious  Stones Svo, 

Goodell,    J.    M.      The    Location,    Conatmction    and    Maintenance    of 

Boads    8vo, 

Goodeve,  T.  M.     Textbook  on  the  Steam-engine lamo. 

Gore,  G.    Electrolytic  Separation  of  Metals 8vo, 

Gomston,  H.  H.    The  Operating  Engineeis'  Catechism. lamo,  fabrikoid, 

Gould,  E.  S.     Arithmetic  of  the  Stcam-engiue iimo, 

CslcnluB    i6rao, 

High  Masonry  Dams lemo, 

Practical  Hydrostatics  and  Hydrostatic  Formulas i6mo, 

Goutding,  E.    Cotton  and  Other  Vegetable  Fibrei Bvo, 

Gcw,  C.  C.     The  Electrometallurgy  of  Steel (In  Press.) 

Grard,  C.    Aluminium  and  Its  Alloys 8vo, 

Grasser,  G.     Synthetic   Tannins      (In   Press-  > 

Gratacap,  L.  P.    A  Popular  Guide  to  Minerals Svo, 

Gray,  H.  H.    Gas-Works  Products Bvo  (In  Prru.) 

Gray,  J.     Electrical  Influence  Machines   .    iimo, 

Marine  Boiler  Design Bvo, 

Greenhill,  G.    Dynamics  of  Mechanical  Flight 8vo, 

Greenwood,  H.  C.    The  Industrial  Gases Svo, 

Gregorius,   B,     Mineral    Waxes lamo, 

Grierion,  R.    Some  Modem  Methods  of  Ventilation gvo, 

Griffith,  E.  A.    Engineering  Instnimenta  and  Meters bto, 

Griffiths,  A.  B.    A  Treatise  on  Manures lamo  (Rrprintitig,) 

Gross,  E.     Hops 1 8to, 
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Sto, 

Grunei,  A.     Power-loom  Weaving Svo, 

Gniusky,  C.  E.    Topographic  Stadia  SurveyiuE fabiikoid,  t6ino, 

Gunther,  C.  0.     Integration 8yo, 

Gurden,   S.   L.      Traverse    Tables folio, 

Gu;,  A.  E.    Experimenta  on  the  Flexure  of  Beams.. „ Sni, 

Haenig,  A.     Emery  and  Emery  lodttetry Svo, 

Hainbach,   R.      Pottery   Decoration lamo, 

Hale,  A.  J.    The  Hauufactute  of  Chemicals  by  Electrolysis Svo, 

Hodem  Chemistry,  Pure  and  Applied.    Vols,  I,  II,  III.. Svo,  each, 

Vols.   IV,  V,  VI (/„   Preiioralion.) 

Hale,  Harrison.     American  Chemistry iimo, 

Hale,  W.  J.     Calculations  of  General  Chemistry iimo, 

Hall,  C.  H.     Chemistry  of  Paints  and  Paint  Vehicles lamo, 

Hall,  R.  H.     Governors  and  Governing  Mechanism iimo. 

Hall,  W.  S.    Elements  of  the  DiSerential  and  Integral  Calculus Svo, 

—  Descriptive  Geometry Svo   {In  Press.) 

Haller,  G.  F.,  and  Cunningham,  E.  T.    The  Tesla  Coil lamo, 

Halsey,  F.  A.     Slide  Valve  Gears iimo, 

The  Use  of  the  Slide  Rule i6mo, 

Worm   and   Spiral   Gearing tSmo, 

Hamlin,  H.  L.  Action  of  Chemicals  on  Industrial  Materials.  (/»  Press.) 

Hancock,  H.     Teitbook  of  Mechanics  and  Hydrostatics Svo, 

Hardy,  E.     Elementary  Principles  of  Graphic  Statics i2mo,     ' 

H Bring,  H.     Engineering  Law. 

Vol.  I.    Law  of  Contract Svo,    ' 

Harper,  J.  H.     Hydraulic  Tables  on  the  Flow  of  Water i6mo, 

Harris,  S.  M.     Practical  Topographical  Surveying {In  Press.) 

Harrow,  B.    Eminent  Chemists  of  Our  Times tamo, 

From   Hewton   to    Einstein iimo, 

Harvey,   A.     Practical   Leather   Chemistry Svo, 

Tanning  Materials   Svo, 

Haskins,  C.  H.    The  Galvanometer  and  Its  Uses leather,  tGmo, 

Hatl,  J,  A.  H.     The  Colorist sqnare   lamo, 

Hausbrand,  E.    Drying  by  Means  of  Air  and  Steam. iimo, 

Evaporating,  Condensitig  and  Coaling  Apparatus Svo, 

Hansmann,  E.  Telegraph  Engineering,  .gvo  (.Vcv  Edition  in  Press.) 
Hausner,  A.  Manufacture  of  Preserved  Poods  and  Sweetmeats.  . .  .Svo, 
Hawkesworth,  J.     Graphical  Handbook  for  Reinforced  Concrete  Design. 

4to, 

Hay,  A.    Continuous  Current  Engineering Svo, 

Hayes,  H.  V,    Public  Utilities,  Their  Cost  Hew  and  Depreciation. .  .Svo, 

- — Public  Utilities,  Their  Fair  Present  Value  and  Return 8vo,    ■ 

Heath,  F.  H.    Chemistry  of  Photography Svo.  {/m  Press.) 

Heather,   H.   J.   S.     Electrical   Engineering Svo, 

Heaviside,  0.    Electromagnetic  Theory.     Vols.  I  and  II Svo,  each, 

(Reprinting.) 

Vol.    Ill 8vo    (Reprinling.y 

Beck,  H.  C.  H.    The  Steam  Engine  and  the  Turbine SvO, 

Steam-Eof^e  and  Other  Steam  Motors.    Two  Volumes. 
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VoL  1.    ThcnnodrnainlcB  and  the  Uechanici 8to, 

Vol.  II.     Porm,  Conatiuction,  and  Woiking 8to, 

notes  on  Elementary  Kinematics 8to,  boards,    * 

Giaptucs  of  Hachine  Forces Svo,  boards, 

Heermann,  P.    Dyeis'  Materiala iimo, 

Henderson,  I.  F.    A  Dictionary  of  Scieotific  Tenns Svo, 

Heiiag,  C,  and  Getmao,  F.  H.    Standard  Tables  of  Electio-Chemical 

Equivalents   fabrikoid,   lamo, 

Heiiug;,  D.  W.    Essentials  of  Physics  for  College  Students Svo, 

Herington,  C.  F.     Powdered  Coal  as  Fuel Svo, 

Herrmann,  G.    The  Graphical  Statics  of  Mechanism ismo, 

Heizfeld,  J.     Testing  of  Ysms  and  Textile  Fabrics Svo, 

Higgins,  A.  L.    The  Transition  Spiral lamo, 

Hildenbrand,    B.    W.      Cable-Making i6mo, 

Hilditch,  T.  P.    A  Concise  History  of  Chemistry lamo, 

Hill,  M.  J.  M.    The  Theory  of  Proportion Svo,    ' 

Hillhouse,  P.  A.    Ship  Stability  and  Trim Svo, 

Hiroi,  I.     Plate  Girder  Construction lemo, 

'Statically- Indeterminate  Stresses iimo, 

Hirshfeld,  C.  F.    Engineering  Thermodynamics ifimo. 

Hoar,  A    The  Submarine  Torpedo  Boat lamo. 

Bobart,  H.  M.    Heavy  Electrical  Engineering Svo,    ' 

Design   of    Static    Transformers iimo. 

Electricity Svo,    ■ 

Electric  Trains   Svo, 

Electric  Propulsion  of  Ships Sv^i, 

Hobart,  J.  F.    Hard  Soldering,  Soft  Soldering  and  Bracing ismo, 

Hobbs,  W.  B.  P.    The  Arithmetic  of  Electrical  Measurements timo, 

HoS,  J.  n.    Paint  and  Tamish  Facts  and  Formnlas lamo, 

Bole,  W.     The  Distribution  of  Gas Sro, 

Holmes,  A.    Nomenclature  of  Petrology Svo, 

Petrographic  Methods  and  Calculations Svo, 

Hopkins,  N.  M.    Model  Engines  and  Small  Boats iimo, 

The   Outlook   for   Research   and   Invention .iimo. 

Bopkinson,  J.,  Shoolbred,  J.  H.,  and  Day,  B.  E.    Dynamic  Electricity. 

Homer,  J.     Practical  Iionfounding Svo,    ' 

Gear  Cutting,   in   Theory  and   Practice Svo    {Reprinting.) 

Houghton,  C.  E.    The  Elements  of  Mechanics  of  Materials iimo, 

Houstoun,  B.  A.    Studies  in  Light  Production tamo, 

Hovenden,  F.    Practical  Mathematics  for  Young  Engineers lamo, 

Howe,  G.    Mathematics  for  the  Practical  Han ,  tamo, 

Howorth,  J.    Repairing  and  Riveting  Glass,  China  and  Earthenware.' 

Svo,  paper, 

Boyt,  W,  E.     Chemistry  by   Experimentation 8vo,     ■ 

Hubbard,  E,    The  Utilizstton  of  Wood-waste Svo, 

Biibnei,  J.  Bleaching  and  Dyeing  of  Vegetable  and  Fibrons  Materials. 

Hudson,  O.  F.    lion  and  Steel Svo, 

Humphreys,  A.  C.    The  Business  Features  of  Engineering  Practice  8 vo, 

Hunter,  A,    Bridge  Work Svo.  (/n  Press.) 

Hunter,  W.  H.     Dock  and   Lock  Machinery Svo, 

Hurst,  G,  H.     Handbook  of  the  Theory  of  Color Svo,     " 

Dictionary  of  Chemicals  and  Raw  Products Svo, 

Lubricating  Oils,  Fats  and  Greases  Svo,    " 

Soaps   Bvo, 
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Hunt  G.  B,  and  Simmons,  W.  H.    Textile  Soaps  and  Oils »n, 

Hurst,  H.  B.,  and  Lattey,  B.  I.    Text-book  of  Physics Sn,    ' 

Also   publiahed  in  three  parta. 

Part  I.    Dynamica  and  Heat 

Part  II.     SonnA  and  Light 

Part  in.    Magnetism  and  Etectridty •. 

Hutchinion,  S.  W.    Advanced  Textbook  of  Hagnetism  and  Eleetricityi 

I   vols 8to, 

Hutchinson,  R.  V.,  Jr.    Long  Distance  Blectiic  Power  TraosmissioB. 


Hutchinson,  R,  W.,  Jr.,  and  Thomas,  W.  A.    Electricity  in  Uining.  lamo, 

(In  Prtm.) 

Hyde,  E.  W.    Skew  Arches i6mo.  c 

Hyde,  F.  S.    Solvents,  Oils,  Gtuns,  Waxes Sro,  'a 

Induction  Coils   lemo,  e 

Ingham,  A.  E.    Gearing.    A  practical  treatise Bra,  *i 

Ingle,  H.    Manual  of  Agricultural  Chemistry Svo,  3 

Innets,  C.  H.    Problems  in  Machine  Design iimo,  *3 

Centrifugal  Pumps  lamo,  *3 

The  Fan  lamo,  *4 

Jacob,  A.,  and  Gould,  B.  S.    On  the  Dedgning  and  Cnwtmction  of 

Storage   Reseirom   iSmo.  c 

Jacobs,  P.  B.    Cam  Design  and  Manufacture Svo,  a 

James,  F.  D.    ContioUers  for  Electric  Motors 8to.  4 

Jehl,  F,     Manufacture  of  Carbons Svo.  % 

Jennings,  A.  S.    Commercial  Paints  and  PaintinK 8*0.  a 

Jennison,  F.  B.     The  Manufacture  of  Lake  Pigments 8to,  e 

JepscHi,  G.    Cams  and  the  Principles  of  their  Construction Svo,  *i 

HechaniCBl  Drawing 8»o  (/n  Preparation.) 

JerviaSmith,   F.  J.     Dynamometers svo.  * 

Jockin,  W.    Arithmetic  of  the  Gold  and  Sitverscnlth lamo,  *i 

Johnson,  C.  H.,  and  Earle,  R.  P.     Practical  Tests  for  the  Electrical 

Laboratory  (  hi  Press.) 

Johnson,  J.  H.    Arc  Lamps  and  Accessory  Apparatus lamo,  o 

Johnson,  T.  H.     Ship  Wiring  and  Fitting iimo    {Reprinting.) 

Johnston,  J.  F.  W.,  and  Cameron,  C.    Elements  of  Agricultural  Chemistry 

and  Geology iimo,  i 

Joly,  J.     Radioactivity   and  Geology lamo,  3 

Jones,  C.   L.     Service   Station   Management Svo,  1 

Jones,  H,  C.    Electrical  Nature  of  Matter  and  Radioactivity. ..  .:imo,  3 

Mature  of  Solution Bvo,  3 

New  Era  in  Chemistry lamo,  '1 

Jones,  J.   H.     Tinplate   Industry   Bvo,  '3 

Jones,  M.  W.    Testing  Raw  Materials  Used  in  Paint lamo,  *i 

Jordan,  J.  B.     Crystallography foliO,  paper,  i 

Jordan,  L.  C.    Practical  Railway  Spiral lamo,  leather,  *i 

JUptner,  H.  F.  V.    Siderclogy:   The  Science  of  Iron Svo,  »s 

Kanthack,   R.,   and   Goldsmith,   J.   N.     Table  Of   Refractive   Indices. 

Vol.    1 8»0,  t 

Vol.  n 8V0,  ! 
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Kapp,  G.     Altenute   Carrent   Hachinery i6mo,  o  7S 

Kanpet,  F.    Ovediead  Tianamiuion  Lines *. 4to,  *4  00 

Keim,  A.  W.    Pierentioii  of  Dampneu  in  Bnildinga Sro,  'a  50 

Edl«t,  S.  S.,  Ud  Knox,  W,  B.    Analydul  Geometry  and  Calcnlns...  a  00 
KemUe,W.T.,aiidITii(leiUll,C.R.    The  Periodic  Law  and  tbe  Hydrogen 

Specbram Svo,  paper,  *o  50 

Kemp,  J.  F.    Handbook  of  Socks 8vo,  i  75 

Kennedy,  A  B.  W.,  and  Thurston,  S.  H.    Kinematics  of  HachioLiy. 

iSmo,  o  IS 
Kennedy,  A.  B.  W.,  Unwln,  W.  C^  and  Idell,  F.  E.    Compressed  Air. 

lemo,  o  75 

Kennedy,  R.    Flying  Hacbines;  Practice  and  Deslsn lamo,  a  50 

Principlea  of  Aeroplane  Constrnction 8td,  *a  00 

Kent,  W.     Strength  of  Hateriata tfimo,  o  7s 

Kerahaw,  J.  B.  C.    Fuel,  Water  and  Gas  AnalyaiB 8vo,  3  50 

Electrometallurgy    . ., 8to,  a  50 

Electro-Thermal   Methods  of  Iron  and   Steel   Production. ..  .8to,  '300 

The  Use  of  Low  Grade  and  Waste  Fael  for  Power  Generation .  8vo,  4  00 

Kingsett,  C.  T.     Popular  Chemical  Dictionary Bro,  4  50 

Kinxbrunner,  C.     Continuous  Current  Armatures Svo,  i  50 

_-—  Testing  of  Alternating  Current  Machines .8vo,  *a  00 

Kinser,  H.,  and  Walter,  K.    Theory  and  Practice  of  Damask  Weaving, 

Kirkaldy,  A-   W.,   and   ETsna,   A.   D.     History    and    Economics   of 

Transport 8vo,  *3  00 

Kirkbride,  J.    Engraving  for  Dlastration 8vo,  *i  00 

Eirschke,  A    Gas  and  Oil  Engines tamo,  *i  50 

Klein,  J.  F.    Design  of  a  Hig^-speed  Steam-engine 8vo,  '5  00 

Physical  Significance  of  Entnqty 8vo,  'i  jo 

KUngenberg,  G.    Large  Electric  Power  Stations 4to,  9  00 

Knight,  R-Adm.  A.  M.    Modem  Seamanship fabrikoid,  8vo,  7  00 

Knott,  C.  G.,  and  Mackay,  J.  S.    Practical  Mathematics 8vd,  2  jo 

Eaox,  J.     Physi  CO -Chemical   Calcnlationg lamo,  1  50 

- — -  Fixation  of  Atmospheric   Nitrogen lamo,  i  as 

Koester,  F.     Steam-Electric  Power  Plants . 4to,  *5  00 

Hydroelectric   Developments   and   Engineering 4tO,  600 

Koller,   T.     The   Dtilization   of   Waste   Prodocti Bvo,  *S  00 

Cosmetics    8vo,  3  50 

Koppe,  S.  W.     Glycerine lamo,  '3  jo 

Koimin,  P.  A     Flour  Milling 8vo,  8  50 

Kranch,  C.     Chemical  Reagents Svo,  7  oo 

Kremaon,  K.     Application  of  the  Pbyaico -Chemical  Theory  to  Tech- 
nical Processes  and  Manufaclaring  Methods Bvo,  3  00 

Sretchmar,  K.     Yam  and  Warp  Siring Svo,  *5  00 

Lalller,  E.  V.    Elementary  Hanoal  of  the  Steam  Engine lamo,  *a  00 

Lambert,  T.    Lead  and  Its  Compounds Svo,  '3  50 

Bone   Prodncts  and    Manures gvo,  '3  50 

Lambom,  L.  L.     Cottonseed  Prodncts Svo,  4  00 

Modern  Soaps,  Candles,   and   Glycerin Bvo,  1000 

Lamprecht,  R.    Recovery  Work  After  Pit  Fires Svo,  j  00 
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Luicbester,  F.  V.    AeiUl.FlighL    Two  VohniieB.    Sro. 

VoL  L    Aeiodjauuics •6  oc 

VoL  U.     Aeiodonetics "e  oc 

The  Flying  Uachine 8vo,  3  00 

Industrial   Engineering:    PieMnt   and   Post-Wu   OuUoolc. . .  iimo,  i  00 

Lane,  F.  V.    Motor  Truck  Tianspartatioii Svo,  3  do 

Lange,  K.  K.    By-Prodncts  of  Coal-Gaa  Maaufactuie lamo,  9  50 

La  Rue,  B.  F.     Swing  Bridges iCmo,  o  75 

Lauai-Cobn,  Br.     Modern  Scientific   Chemistry iimo,  335 

Latimer,  L.  H.,  Field,  C.  J.,  and  Howell,  J.  W.    Incandescent  Electric 

Lighting    lemo,  o  75 

Latta,  H.  N.     Handbook  of   American  Gas-Engineering  Practice. -Svo,  5  00 

American  Producer  Gas  Practice 4to,  *6  00 

Laws,  B.  C.    Stability  and  Equilibrium  of  Floating  Bodies Svo,  4  50 

Lawson,  W.  K.     British  Railways.     A  Financial   and   Commercial 

Survey Svo,  3  00 

Lecky,  S.  T.  S.    "Wrlnklei"  in  Practical  Navigation. ..faUrikoid,  Svo,  lo  00 

Pocket  Edition    lamo,  5  00 

Danger   Angle    i6mo,  a  50 

Leeds,  C.  C.    Hecbanical  Drawing  for  Trade  Schools oblong  4to,  i  35 

Uechanical  Drawing  for  High  and  Vocational  Schools 4to,  i  y> 

Principles  of  Engineering  Drawing Svo,  a  50 

Lef 6vre,    L.     Architectural    Pottery 4to,  7  00 

Lehner,  S,    Ink  Manufacture Svo,  3  50 

Lematrom,  S.    Electricity  in  Agriculture  and  HorticiUtDre Svo,  *i  50 

Letts,  E.  A.    Fnndamental  Problems  in  Chemistry Svo,'  *a  00 

Le   Van,   W.   B.     Steam-Bngine   Indicator lemo,  075 

Lewes,  V.  B.    Liquid  and  Gaseons  Fuels Svo,  3  00 

■ Carbonitation  of   Coal Svo,  '5  oo 

Lewis,  L.  P.    Railway  Signal  Engineering  (Mechanical) Svo,  500 

Lewis   Automatic   Machine  Rifle;   Operation   of lemo,  *o  60 

Licks,  H.  E.    Recreations  in  Mathematics ismo,  i  5c 

Lieber,  B.  F.     Lieber's  Five  Letter  American  Telegraphic  Code  .8vo,  *i$  00 

Spanish   Edition    Bvo,  '15  00 

French   Edition    Bvo,  '15  00 

Tertninal  Index Svo,  *2  50 

Lieber's  Appendix '.  . .  .folio,  '15  00 

Handy  Tables 4to,  '1  so 

Bankers  and  Stockbrokers'  Code  and  Merchants  and  Shippers' 

Blank  Tables 8vo,  '15  00 

100,000,000  Combination  Code Svo,  'r  -  00 

Livermore,  V.  P.,  and  Williams,  J.    How  to  Become  a  Competent  Hotor- 

Livingstone,  R.     Design  and  Construction  of  Commutators 8ve,  4  50 

—  Mechanical  Design  and  Construction  of  Generators Svo,  4^0 

Lloyd,  S.  L.     Fertiliier  Materials lamo,  a  00 

Lockwood,  T.  D.    Electricity,  Magnetism,  and  Electro-telegraphy.  .Bvo,  a  50 

Electrical  Measurement  and  the  Galvanometer i ismo,  o  75 

Lodge,  O.  J.  Elementary  Mechanics iimo,  i  50 

Loewenatein,  L.  C,   and  Crissey,  C.  P.     Centrifugal   Pumps Bvo,  5  00 

Lomax,  J.  W.     Cotton  Spinning. iimo,  r  jo 

Lord,  R.  T.     Decorative  and  Fancy  Fabrics Svo,  *3  50 

Loring,  A.  E.    A  Handbook  of  the  Electromagnetic  Telegraph.  ..temo,  o  75 
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iMvy,  A.    Organic  Type  Foimulas—^ o  10 

W«U  Chart  of  Organic  Type  FotiinU«i  (a  p«rt»)^ch4xe  ft  (set),    40  00 

Organic  Type  Kesctiona o  15 

«nd  Downey,  T.  B.    Study  Questions  in  Oiganic  Chetniatiy. 

Svo,  paper,      i  00 

LubachM,  B.  J.    Perspective lamo,      1  oo 

Story  of  tlie  Motion  Picture izmo,      i  00 

Locke,  C.  E.    Gas  Eng^e  Design 8vo,     '3  on 

Power  Plants:  Design,  Efficiency,  and  Power  Costs.    2  vols. 

(In  Preparation.) 

Lnckiesh,  H.    Color  and  Its  Application 8to,      4  jo 

Light  and  Shade  and  Their  Applications Svo,      3  00 

Visual  Elusions   6vo,      3  00 

Lunge,  O.    Coal-tar  and  Ammonia.    Three  Volumes Svo,  *3$  00 

Technical  Gas  Analysis Svo,    '4  50 

-—  Mannfactnre  of  Sulphuric  Acid  and  AlhaU.    Four  Volumes 8to, 

Vol.    I.    Sulphuric  Acid.    In  three  parts iRepriniing.) 

Vol.1.     Supplement    8vo   {Reprinting.) 

Vol.  n.    Salt  Cake,  Hydiocbloite  Acid  and  Leblanc  Soda.    In  two, 

parts    {In  Press.) 

Vol.  in.    Ammonia  Soda (In  Press.) 

VoL  IV.     Electrolytic|Methods (In  Prew.) 

——Technical  Chemists'  Handboolc ismo,  leather,    ^400 

Technical  Methods  of  Chemical  Analysis. 

Vol.  I.     In  two  parts Svo   (New  Edilion  in  Press.) 

Vol.  II.     In  two  parts Svo  (New  Edition  in  Press.) 

Vol,  in.    In  two  parts Svo  (New  Edition  in  Press.) 

The  set  (3  vols.)  complete 

Luquer,  L.  M.    Minerals  in  Rock  Sections Svo,      1  75 

HacBride,  J.  D.    A  Handbook  of  Practical  Shipbuilding, 

ismo,  fabiikoid,  3  00 

Uackenzie,  N.  F.    Notes  on  Irrigation  Works Svo,  *3  50 

Hackie,  J.     Hew  to  Hake  a  Woolen  Mill  Pay Svo,  "1  00 

MsKuire,  Wm.  R.    Domestic  Sanitary  Drainage  and  Plumbing  .  . .  Svo,  4  00 

Malcolm,  H.  W.     Submarine  Telegraph  Cable 9  00 

Malinovisky,  A.    Ceramics fabrikoid,  iimo,  3  00 

Marks,  E.  C.  K.    Construction  of  Cranes  and  Lifting  Machinery. t2mo,  *2  7s 

Mauufactuie  of  lion  and  Steel  Tubes i3mo,  a  50 

Mechanical  Eugineering  Materials iimo,  *i  50 

Harks,  G.  C.     Hydraulic  Power  Engineering Svo,  4  io 

Uarsh,  C.  F.     Concise  Treatise  on  Reinforced  Concrete Svo,  *a  50 

—  Reinforced  Concrete  Compression  Member  Diagram.    Mounted  on 

Cloth  Boards 'i  .50 

Marsh,  C.  F.,  and  Dunn,  W.    Manual  of  Reinforced  Concrete  and  Con- 
crete Block  Coustiuction i6mo,  3  00 

Marstiail,  W.  J.,  and  Sankey,  H.  R.     Gas  Engines Svo,  a  00 

Msitin,  G.    Perfumes,  Essential  Oils  and  Fruit  Essences Svo,  4  00 

Triumphs  and  Wonders  of  Modern  Chemistry Svo,  3  00 

Hartin,  N.     pToperties  and  Design  of  Reinforced  Concrete Etvo,  i   jo 

Martin,   W.   D.      Hint?   t)    Engineeis .iimo,  a  00 

Massie,  W.  W.,  and  Underbill,  C.  R.    Wireless  Telegraphy  andXelep'iony. 
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-Hatliot,  B.  E.    Intenul  Combottloii  EaC^^noi 8ts^  5  oo 

Mautice,  W.    Electric  BUatiiiK  AppUama  and  Exploaivea Sro,  3  50 

Maxwell,  P.     Snlpliitation  in  White  Sngfa  HaBnfactnra iimo,  4  <» 

ilazwell,  W,  H.,  aad  Brown,  J.  T.    Encyclopedia  of  Municipal  and  Sani- 

taiy  Engineering 4to,  *io  00 

Uajrer,  A.  U.    Lecture  Notes  on  Physica 8to,  a  00 

McCracken,  E.  U.,  and  Sampwn,  C.  H.    Conne  In  Pattern  Mafcing. 

4ta,  a  00 

dcCuIloogh,   E.     Practical  Snrreying lamo,  30c 

UcCuUough,  R.  S.    Mechanical  Theory  olHeat 8to,  3  SO 

HcGibbon,  W.  C.    Indicatci  Diapama  for  Hariiu  Ei^neera twit,  s  00 

Marine  BnEineera'  Drawing  Book oblong  4to,  *a  50 

Marine  Engineers  Pocketbook leather,  riino,  4  50 

Mclntoah,  J.   6.     Technology  of   Sugar Sre,  *6  00 

Industrial    Alcohol    Sro,  *3  50 

Honufacture  of  Varnishes  and  Kindred  Indnatries.    Tlmo  Tolnin«a.| 

8to. 

Vol.    I.    Oil  Crniliing,  Retining  and  Boiling 7  00 

Tot.  n.    Varnish  Materials  and  Oil  Vamiih  Making 5  00 

Tol.  ni.     Spirit   Varnishes  and   Materials 600 

HcEillop,  M.,  and  McKillop,  A.  D.    Efficiency  Methods lamo,  1  50 

McKught,  J.  D.,  and  Brown,  A.  W.    Marine  HnltitnbnUr  BoQcra.Sro,  a  50 

HcMechco,  F.  L.    Teats  for  Ores,  Minerals  and  Metals lamo,  i  50 

HcNair,  F.  V.    Handbook  for  Naval  Officers fabrikoid,  luno,  4  00 

■eade,  A.     Modem   Gas   Works   Practice Sro,  *8  50 

H«lick,C.W.    Dairy  Laboratory  Guide lamo,  'i  35 

*Wentor."    Self-Instruction  for  Studenta  In  Gas  Supply.     lamo. 

Elementary   z  50 

■     Advanced    a  50 

Self -Instruction   for   Studenta  In  Gaa   Engiaecting.     rsmo. 

Elementary    a  00 

Advanced  3  oo 

Merivale,  J.  H.    Notes  and  Formulae  for  Mining  Studenta lamo,  i  00 

Merritt,  Wm.  H.    Field  Testing  for  Gold  and  Silver i6mo,  leather,  1  50 

Mertens.    Tactics  end  Technique  of  Bivei  Ctossinga 8to,  3  00 

Mierxinsid,  S.     Waterproofing  of  Fabrics 8vo,  1  50 

Mieasner,  B.  F.    Kadio  Dynamics ramo,  *t  00 

Miller,  W.  J.    Introdoctioa  to  Historical  Geology lamo,  i  50 

Hills,  C.  N.    Elementary  Mechanics  for  Engineers lamo,  i  15 

Hills,   John.      Within    the    Atom iimo,  2  00 

Uilroy,  H.  E.  W.     Home  Lace-making lamo,  *i  00 

—^Church   Lact iimo,  a  jo 

hiitcheli,  C.  A.     Mineral  and  Aerated  Waters 8fo,  *3  00 

Mitchell,  C.  A.,  and  Prideauz,  R.  M.    Fibres  Used  in  Textile  and  Allied 

Industries 8to,  3  50 

Hitcbell,  C.  P.,  and  G.  A.    Building  Construction  and  Drawing,     iimo. 

Elementary    Course    3  50 

Advanced  Course  4  jo 

Horckton,  C.  C.  F.    Badiotelegrxphy Sto,  a  oo 

Honteverde,  S.  D.   Vest  Pocket  Glossary  of  English-Spanish,  Spaniah- 

English  Technical  Terms fi4ma,  leather,  i  50 

Montgomery,  J.  H.     Electric  Wiring  Specifications ifimo,  i  00 

Moore,  E.  C.  S.    New  Tables  for  the  Complete  Solution  of  Gangulllet  end 

Kutter'a  Formula    , . . , Sto,  '6  00 

Moore,  Harold.     Liquid  Fuel  for  Internal  Combustion  Balnea.  ..Sro,  5  00 
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Uoiecroft,  J.  B.,  and  Hehre,  F.  W>    Short  Coune  in  Electrical  Testing.  - 

Morgan,  A.  P.    WireleH  Telegiaph  Construction  for  Amateurs,  .lamo, 
(Nnu  Edition  in  Pren.) 

Morrell,  R.  S.,  and  Waele,  A.  E.    Rubber,  Beoin*,  Paints  and  Var-  \ 

nishes    8vo,  4  » 

Hoses,  A.  J.    The  Characters  of  Cirstals 870,  '2  00 

and  Parsons,  C.  L.    Elements  of  Uineialogy '.  .Bvo,  4  50 

Hoss,  S.  A.    Elements  tif  Gas  Engine  Design tfimoj  075 

The   I^y-ont   of   Corliss   Talve   Gears i6mo,  073 

Halford,  A.  C.     BonndAiies  and  Landmarks lamo,  100 

Uunby,  A.  E.    Chemistry  and  Pbrsics  of  Building  Materials — Sto,  1  so 

Laboratories,  Their  Planning  and  Fittings 410,  6  00 

Horphji'j.  G.    Practical  Hinlog i6ino,  i  00 

Hurray,  B.   M.     Chemical   Beagents Bvo,  300 

Mnrray,  J.  A.     Soils  and  Hannres 8vo,  1  00 

IfMmith,  J.     The  Student's  Cotton  Spinoing Bto,  5  00 

—  Kecnt  Cotton  Mill  Constmction iimo,  3  00 

Keave,  G.  B.,  and  Heilbron.  I.  H.    Identification  of  Orgaidc  Compounds. 

KeilMn,  R.  H.    Aeroplane  Pttents Svo,  *3  00 

Nen,   F.     Searchlights 8to    (Reprinting.) 

HewbiginL  M.  I.,  and  Flctt,  J.  S.    James  Geikie,  the  Man  and  the 

Geologist B*o,  350 

Hewbigiug,  T.  Handbook  for  Gas  Engineers  and  Managers. leather,  Svo,  7  50 

Newell,  F.  H.,  and  Drayer,  C.  B.    Engineering  as  a  Career,  .nmo,  cloth,  *i  00 

Ificol,  6.     Ship  Construction  and  CalculatlODs Bto,  7  50 

ntpher,  P.  E.    Theory  of  Magnetic  Measurements tamo,  r  00 

Hisbet,  H.     Grammar  of  Textile  Design 8to,  7  50 

ITolan,   H.     Tbe   Telescope tSmo,  o  75 

Horie,  J.  W.    Epitome  of  Navigation  (i  Vols.) octavo,  rj  00 

A  Complete  Set  of  Nautical  Tables  with  Explanations  of  Their 

Use    .-. octavo,  6  50 

North,  H.  B.    Laboratory  Experiments  in  General  Chemistry nmo,  *r  oo 

O'CoQOor,  H.    The  Gas  Engineer's  Pocketbook lamo,  leather,  s  oo 

Ohm,  G.  S.,  and  Lockwood,  T.  D.    Galvanic  Circuit iGmo,  o  75 

Olsen,  J.  C.     Text-book  of   Quantitative  Chemical   Analysis Svo,  400 

' (Editor).     Van  Hostraud's  Chemical  Annual.    Fifth  Issue,  igaa, 

lamo,  fabrikoid    (/n  Press.) 

Ornisby,   H.   T.    M.      Surveying nmo,  a  00 

Oudin,  H.  A.    Standard  Polyphase  Apparatus  and  Systems. Svo,  '3  00 

Pakes,  W.  C.  C,  and  Nankivell,  A.  T.    The  Science  of  Hygiene  .  .8vo,  *1  75 

Paiai,  A.    Industrial  Photometry Svo,  j  oo 

Palmer,  A.   R.     Electrical    Experiments ramo,  o  75 

Magnetic   Heaaurements   and  Experiments lamo,  075 

Palmer,  F.     Practical  Upholstering 4to,  8  00 

Pamely,  C.    Colliery  Manager's  Handbook Svo,  *io  00 

Parker    P.   A,  M.     The   Control   of   Water Bvo,  0  00 

Parr,  G.  D.  A.    Electrical  Engineering  Measuring  instruments Svo,  *3  50 

Parry,  E.  J.     Chemistry  of  Essential  Oils  and  Artificial  Perfumes. 

Vol.1.     Monographs   on    Essential    Oils goo 

Vol.  n.     Constituents  of  Essential  Oils,  Analysis 7  00 
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Paii7,  E.  J.    FoodB  and  Drugs.    Ttd  Voteiacs. 

Vol.    I.    The  AnolTsis  of  Food  and  DmgB 8va, 

Vol.  U.     The  Sale  of  Food  and  Diugt  Acta Svo, 

and  CoBte,  J.  H.    Chemistrr  of  Pigmenta Bto, 

Parr;,  L.    Notes  on  Alloys Svo, 

MeUlliferous  Wastes   Svo, 

Analysis  of  Ashes  and  Alloys Svo, 

Pany,  L.  A.    Kisk  and  Dangers  of  Tarions  Occnpations Svo, 

PaishaU,  H.  F,  and  Hobart,  H.  H.    Electric  Sailiray  En]cineeriDK.4to, 

Paraons,  J,  L.    Land  Drainage Svo, 

Parsons,  S.  J.    Malleable  Cast  Iron Svo, 

Partington,  J.  R.    Higher  Mathematics  for  Chemical  Students.  .i«mo, 

Texthook  of  Thennodynamica Svo, 

The   Alkali   Industry Svo, 

Patched,  W.  H.    Electric  Power  in  Hjnes Svo, 

PalCTson,  G.  W.  L.    Wiring  Calcolationa iimo, 

Electric  Mine  Signalling  Installationa timo, 

Patterson,  D.     The  Color  Printing  of  Carpet  Yams Svo, 

Color   Matching    9n   Textiles Svo, 

Textile  Color  Mixing Svo, 

Paulding,  C.  P.    Condensation  of  Steam  in  Covered  and  Bare  Pipes    8to, 

Transmission  of  Heat  through  Cold-atorage  Insulation     .   ,  .  .iimo, 

Payne,  D.  W.     Iron  Founders'  Hanoal fabrikoid,  Svo, 

Peddle,  R.  A.    Engineering  and  Metallurgical  Books lamo, 

Peirce,  B.     System  of  Analytic  Mechanics 4to, 

Linear   Associative   Algebra 4to, 

Perkin,  F.  M.,  and  Jaggers,  E.  M.    Elementary  Chemistry lamo, 

Perrin,  J.    Atoms Svo, 

Petit,  G.     White  Lead  and  Zinc  White  Paints. Svo, 

Petit,  S.     How  to  Build  an  Aeroplane Svo, 

Pettit,    Lieut.    J.    S.      Graphic  Processes i6mo, 

Phin,  J.     Seven  Follies  of  Science lamo, 

Pickworth,  C.  N.    Logarithms  for  Beginners lamo,  boards, 

The  Slide  Rule lamo, 

Pilcher,  R.  B.    The  Profession  of  Chemistry iimo, 

and  Butler- Jones,  F.    What  Industry  Owes  to  Chemical  Science, 

Plattner'a  Manual  of  Blow-pipe  Analysis.    Eighth  Edition,  revised. Svo, 

Plympton,  G.  W.    The  Aneroid  Barometer lemo. 

Van   Hostrand's  Table  Book  i6mo, 

Pocbet,  M.  L.     Steam  Injectors i6mo. 

Pocket  LogarithmB  to  Four  Places i6mo, 

i6mo,  leather, 

PoUeyn,  F.     Dressings  and   Finishings   for  Textile  Fabrics avo, 

Pollock,  W.    Hot  Bulb  Oil  Engines  and  Suitable  Vessels Svo, 

Pope,  F.  G.     Organic  Chemistry... tamo, 

Pope,  F.  L.    Modem  Practice  of  the  Electric  Telegraph Svo, 

Popplewell,  W.  C.     Prevention  of  Smoke Svo, 

Strength  of  Materials Svo, 

Forritt,  B.  D.     The  Chemistry  of  Robber :>mo. 

Porter,  J.  B.     Helicopter  Flying  Machine i imo. 

Potts,  H.   E.     Chemistry  of  the  Rubber  Industry Svo, 

Practical  Compounding  of  Oils,  Tallows   and   Grease Svo, 

Practical  Machine  Shop  Course   (Set — s  books,  i  pamphlet) . 

Pratt,  A.  E.     Economic  Metallurgy (In  Press.) 

Pratt,  ]as.    Elementary  Machine  Shop  Practice Svo, 

Pratt,  K.    BoUer Draught lamo, 
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hallni,C.    Eanb  and  Rock  EicaTAtion 8vo,  *j  oo 

Graphical  DetenninattoD  of  Earth  Slopei -.  .8vo,  *i  oo 

Tunneling  Bvo,  3  oo 

Dcedgjng.    A  Practical  TreatiM 8to,  •$  00 

Fiescott,  A.  B.,  and  Johnson,  0.  C.  Qualitative  Chemical  AnalysiB.  .Svo,  4  00 

and  Sullivan,  £.  C.     First  Boole  in  Qualitative  Chemistry- .  .Svo,  i  50 

Prideauz,  E.  B.' R.     Pioblemg   in   Pbyaical  Chemistry Svo,  4,50 

The  Theory  and  Use  of  Indicators. ; Svo,  5  oo 

Prince,  G.  T.     Flow  of  Water leather,  iimo,  a  00 

PnKter,  H.  R.     The  Principles  of  Leather  Manufacture Bvo,  10  00 

Pull,  E.     Modern  Steam  Boilers Svo,  5  00 

Pullen,  W.  W.   F.     Application  of  Graphic  Methods  to  the  Design  of 

Structures    iimo,  3  00 

Injectors:    Theory,  Construction  and  Working iimo,  'a  00 

^—Indicator  Diagrams   8vo,  3  00 

Engine  Testing  Svo,  '5  50 

Puiday,  H,  F.  P.    The  Diesel  Engine  Design Bvo,  7  50 

Rafter,  G.  W.    Mechanics  of  Ventilation ifimo,  o  75 

Potable  Water  i6mo,  0  75 

Treatment    of   Septic   Sewage i6mo,  075 

and  Baker,  H.  N.    Sewage  Disposal  in  the  United  States 4to,  6  00 

Raikes,  H.  P.     Sewage  Disposal  Works Svo,  *4  00 

Randnu,  P.     Enamels  and  Enamelling Svn,  '500 

Rankine,  W.  J.  M.     A  Manual  of  Applied  Mechanics Svo,  G  oc 

Civil  Engineering   Svo.  7  50 

Machinery    and    Millwork Bvo,  6  00 

The   Steam-engine  and  Other  Prime  Hovers Bvo,  6  00 

Raphael,  F.  C.     Localization  of  Faults  in  Electric  Light  and  Power  Mains. 

Svo,  5  00 

Reach,    E.     Electric  Arc    Phenomena Svo,  a  00 

Rathbone,  R.  L.  B.    Simple  Jewellery Svo,  a  50 

Rausenberger,  F.    The  Theory  of  the  Recoil  of  Gnns Svo,  5  00 

Rautensttaucb,  W.    Notes  on  the  Elements  of  Machine  Design. Svo,  boards,  *i  50 
and  Williams,  J.  T.     Machine  Drafting  and  Empirical   Design. 

Part  I.  Machine    Drafting 8vo,  i  50 

Part  II.  Empirical  Design. (In  Prejiaratinn.) 

Raymond,  E.  B.    Alternating  Current  Engineering iimo,  *i  50 

Rayner,  H.    Silk  Throwing  and  Waste  Silk  Spinning Bvo,  5  00 

Recipes  for  the  Color,  Paint,  Varnish,  Oil,  Soap  and  Drysaltery  Trades, 

Bvo,  *s  00 

Heripes   for  Flint   Glass   Making lamo,  "5  00 

Redfern,  J.  B,,  and  Savin,  J.    Bella,  Telephones i6mo,  o  75 

Redgrove,  H.  S.     Experimental  Mensuration ismo,  i  50 

Reed,  E.  G.    The  Transformers {In  Press.) 

Beed,  S.    Turbines  Applied  to  Marine  Propulsion 's  00 

Seed's  Engineers'  Handbook Svo,  g  00 

Key  to  the  Twenty-first  Edition  of  Reed's  Engineers'  Handbook. 

Svo,  3  so 

Dsefol  Hints  to  Sea-going  Engineers lamo,  a  30 

Reeve,  F.  C.    Elementary  Qualitative  Analysis  of  the  Metals  and  Acid 

Radicals iimo,  1  $0 

Reid,  E.  E.    Introduction  to  Research  in  Organic  Chemistry,  (/n  Press.] 
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Iteinliardt,  C.  W.    Lettering  for  Draftsmen,  Engineen,  and  Stndaats. 

oblong  4to,  boatda,      i  15 

Beiser,  F.    HardeninK  and  Tempering  of  Steel lamo,      3  30 

Reiser,  N.     Faults   in  the  Manufacture   of  Woolen  Good* 8to,       a  50 

Spinning   and   Weaving   Cslculationa Bt»,     *5  00 

Benwick,  W.  G.     Harble  and  Marble  Woildog Svo,      650 

Beuleauz,    F.      The    Constiuctor t...4to,      400 

Key,  Jean.    The  Kange  of  Slectiic  SeaicUi^t  FfoJ«cti>n Sto,      4  50 

Reynolds,  0.,  and  Idell,  F.  E.    Triple  Bzpanaion  Enginea ifimo,      o  75 

Rhead,  G.  F.    Simple  Structural  Woodwork lamo,    *i  ag 

Bhead,  G.  W.    British  Pottery  Marks Sto,      3  50 

Bhodes,  H.  J.    Art  of  Lithography an,      5  00 

Rice,  J.  H  and  Johnson,  W.  W     A  New  Method  of  Obtaining  tbe  DiSer- 

eutlal  of  Functions iimo,      o  50 

Richards,  E.  G.    Experience  Grading  and  Rating  Schedule Bto,      4  00 

Richards,  W.  A.    Forging  of  Iron  and  Steel ramo,      a  15 

— ^and  north,  H.  B.    Manual  of  Cement  Teating lamo,      t  50 

Richardson,  J.     The  Modern  Steam  Engine 8to,     '3  50 

Richardson,  S.  S.    Magnetism  and  Electricity lamo,    *a  00 

Rideal,  B.   E.     Industrial    Electrometallnrgy 8vo,      300 

The  Bare  Earths  and  Metals 8vo  (/»  Press.) 

Ozone    8to,      4  00 

Bideal,  S.    Glue  and  Glue  Testing Sto, 

The  Carbohydrates  8to, 

Biesenberg,  F.    The  Men  on  Deck f alsikoid,  iimo, 

Standard  Seamanship  for  the  Merchant  Marine. »mo  (/n  Prea.) 

Bimmer,  E.  J.     Boiler  Explosions,  Collapsea  and  Mlaliapa 8to 

Bings,  F.    Reinforced  Concrete  in  Theory  and  Practice iimo 

Ripper,  W     Course  of  Instruction  in  Machine  Drawing folio, 

Roberta,  F.  C.    Figure  of  the  Earth lemo, 

Roberts,  J.,  Jr.    Laboratory  Work  in  Electrical  Engineering 8to, 

Robertson,  J.  B.     The  Chemistry  of  Coal 

Robertson,  I...S.    Water-tube  Boilers 

Robinson,   J.   B.     Architectural   Composition Sto, 

Robinson,  S.  W.     Practical  Treatise  on  the  Teeth  of  Wheels.  .i6mo, 

Wrought   Iron   Bridge  Members iGmo, 

Robson,   I.  H.     Machine  Drawing  and  Sketching 

Boebling,  J.  A.     Long  and  Short  Span  Railway  Bridges folio, 

Rogers,  A.     A  Laboratory  Guide  of  Industrial  Chemistry Svo, 

■ Elements   of  Industrial   Chemistry iimo, 

Manual  of  Industrial  Chemistry fabrikoid,  8to, 

Rogers,  T.     Magnetism   of   Iron   Vessels i6mo, 

Rohland,  P.     Colloidal  and  Cryatalloidal  SUte  of  Matter 

(Rcprif, 

Rollinson,  C.    Alphabets  Oblong, 

Rose,  J.    The  Pattem-makera'  Assistant 

■ Key  to  Engines  and  Engine-running tamo. 

Rose,  T.  K.    The  Precious  Metals -. 8to, 

Rosenhain,   W.     Glass   Manufacture 8to, 

-^Physical  Metallurgy,  An  Introduction  to 8to, 

Roth-  w.    A.     Physical  Chemistry Bto, 
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Bowan,  F.  J.    Practical  PliysiCB  of  the  Sttam  Boiler Sro,  3  oo 

Sowaa,  F.  J,  and  Idell,  F.  E.    Boilei  locrastatian  and  CanoBion.ifimo,  o  75 

Sozburgh,  W.     Genetal   Foundry   Practice. Svo,  a  jo 

Soyds,  S.    Heat  TransnuMion  in  Boilers,  Condenaen  and  Evaporatora. 

Heat  Tiansmitaion  by  Radiation,  Conduetion  tnd  Convection, Svo,  4  yt 

HeasuTemeiit  of  Steady  and  Flnctuating  Temperatuiea avo,  4  00 

Kohmer,   E.     Wireless    Telephony Svo,  4  so 

Snaiell,  A.    Theory  of  Electiic  Cables  and  Network Svo,  s  00 

Snst,  A.    tractical  Tables  for  NavigatOTs  and  Aviators Svo,  3  50 

Kntley,  F.     Elements  of  Hineialogy iimo,  a  50 

Sandeman,  E,  A.    Notes  on  the  Hanufactnre  of  Eortbvware. .  .iimo,  3  50 

SnnfordtP.  G.    mtn>-«xtdoaiveB Svo,  '4  00 

Saunders,  C.  H.     Handbook   of  Practical   Hechanica i6mo,  i  50 

leather,  a  00 

Sayers,  H.  U.    Brakes  for  Tram  Can 8to,  *i  i5 

Sctaaefei,   C.   T.     Motor  Trnck   Design Svo,  350 

SAeithaner,  W.     Shale  Oils  and  Tan Svo,  *4  00 

Scbenker,  W.    Fnel  and  Lubricating  Oils  for  Diesel  Enginea avo,  3  00 

Sdwrer,    R.     Casein Svo,  3  50 

Sehidroiriti,  P.    Rnbber,  Its  ProducUoo  and  Industrial  Uses Svo,  '6  00 

Schindler,  K.     Iron   and   Steel   Construction  Works zztao,  *a  00 

Schmall,  C.  N.    First  Course  in  Analytic  Geometry,  Plane  and  Solid.  | 

lamo,  3  35 

and  Shack,  S.  M.    Elements  of  Plane  Geometry iimo,  ■  35 

Sduneer,   L.     Flow   of   Water avo,  i  50 

Schwan,  E.  H.  L.     Causal  Geology 8to,  '3  00 

Sckweiui,  V.    Distillation  of  Besin* Svo,  s  00 

Scott,  A.  H,     Reinforced  Concrete  in  Practice i3mo,  a  00 

Scott,  W.  W.    QnaliUtive  Analysis.    A  Laboratory  Manual 3  oo 

Standard  Methods  of  Chemical  Analysis,  a  vols.  .Bvo  (In  Press.) 

Sdibner,  J.  M.    Engineers'  and  Mechanics'  Companion.  .i6mo,  leather,  1  50 
Scudder,   H.     Electrical    Conductivity   and   loiusation   Constant*   of 

Organic  Compounds Svo,  *3  00 

Seamanship,   Lectures  on tamo,  3  oo 

Searle,  A.  B.    Modem  Brlckmaking 8vo,  7  oo 

. Cement,   Concrete   and   Bricks Bro,  300 

L   Searle,    G.    M.      "SDmuers*    Method."      Condensed    and     Improved. 

J                                                                                                                 iGmo,.  o  75 

Seaton,  A.  S.    Manual  of  Marine  Engineering , Svo,  10  00 

and   Sonnthwaite,   H.   M.     Pocket-book   of   Marine   Engineering. 

iSmo,  leather,  6  00 
SeoUgiuano,  T.,  Torrllbon,  G.  L.,  and  Falconnet,  H.    India  Rubber  and 

Outta  Percha    Bvo,  6  00 

,    Seidell,  A    Solubilities  of  Inorganic  and  Organic  Substances, ..  .Svo,  7  50 

I    Sellew,  W.  H.     Steel   Rails 4to,  'to  00 

'    Railway  Maintenance  Engineering lamo,  300 

I   Senter,  G.    Outlines  of  Physical  Chemistry lamo,  300 

Text-book  of  Inorganic  Chemistry lamo,  *3  00 

'   Sever,  Q.  F.    Electric  Engineering  Experiments 8to,  boards,  *i  00 

and  Townsend,  F.    Laboratory  and  Factory  Teats  in  Electrical 

Engineering Svo,  3  so 

Sewall,  C.  B.    Wireless  Telegraphy Svo,  *a  00 

Lessons  In  Telegra^y lamo,  *t  00 


24       D.  VAN  NOSTRAND  CO.'S  SHORT  TITLE  CATALOG 

Sexton,  A.  H.    Chemiatiy  of  the  Material!  of  Bncineerinx iimo,  3  00 

Alloys   (Non-Ferrous)    8vo,  3  50 

—  and  Davidson,  W.  B.    Fuel  and  Befrnctory  Hateriali 8vo,  4  00 

and  PiimiOBe,  J.  S.  0.    The  H«t«lliusr  of  Iron  and  Steel Bvo,  6  50 

The    Common    Hetals    (Non-Fenoni) 8TO,  4  00 

Seymour,  A.     Modern  Printing  Inks 8to,  300 

Shaw,  He&iy  S.  H.     Mechanical  Integratora i6mo,  o  75 

Shaw,  J.  B.    Vector  Calcnlna (/n  Prett.) 

Shaw,  T.  R.     Driving   of   Machine  Tools lamo,  *i  00 

Precision    Grinding    Machines i=tao,  5  oo 

Shaw,  W.   H.     Forecasting  Weather Svo    {Rcprmiing.) 

Sheldon,  S.,  and  Ha«nuinn,  E.     Dynamo  Electric  Machinery,  AIC. 

and   D.C 8T0    (/»!   Press.) 

—<~  Electric  Traction  and  Tranamisaion  Engineering Svo,  300 

— ^ — Physical  Laboratory  Experiments,  for  Eagineeriug  Students. . Svo,    i  50 
Sherriff,  F.  F.    Oil  Merchants'  Manual  and  Oil  Trade  Ready  Reckoner, 

8vo,  3  so 

Shields,  J.  E.     Hotex  on  Engineering  Construction lamo,  i  jo 

Shreve,  S.  H.    Strength  of  Bridges  and  Roofs Svo,  3  50 

Sbunk,  W.  F.    The  Field  Engineer  iimo,  fabrikoid,  3  00 

Silverman,  A,,  and  Harvty,  A.  W.     Laboratory  Directions  And  Study 

Questions   in   Inorganic   Chemistry 4t4,   loose   leaf,  300 

Simmons,  H.  E.     Rubber  Manufacture 4to,  4  50 

Simmons,  W.  H.     Fats,  Waxes  and   Essential   Oils. . Svo   (/ii   Press^ 
Simmons,  W.  H.,  and  Appleton,  H.  A    Handbook  of  Soap  Manufacture, 

9;^,  '4  CO 

Simmons,  W.  H.,  and  Mitchell,  C.  A.    Edible  Fats  and  Oils Svo,  *%  50 

Simpson,  G.    The  Naval  Constructor iimo,  fabrikoid,  '500 

Simpson,  W.     Foundations Svo.    U"  Press.) 

Sinclair,  A.    Development  of  the  Locomotive  Engine. . .  Svo,  half  leather,  5  00 

Sindall,  R.  W.     Manufacture   of   Paper Svo,  3  00 

——and  Eflcon,  W.  N.    The  Testing  of  Wood  Pulp Svo,  2  50 

Wood  and  Cellulose Svo    {in   Press.)    

Sloane,   T.   O'C.      Elementsiy   Electrical   Calculations tamo,  a  50 

Short-Cuts  in  Arithmetic Uit  Press.) 

Smallwood,  J.  C.     Mechanical  Laboratory  Methods izmo,  fabrikoid,  3  00 

Smith,  C.  A.  M.    Handbook  of  Testing.    MATERIALS Svo,  5  00 

and  Warren,  A.   G.     Hew   Steam   Tables Svo,  i  en 

Smith,  C.  F.     Practical  Alternating  Currents  and  Testing Svo.  '3  50 

- — —  Practical    Testing   of   Dynamos   and    Motors Svo,  *3  00 

Smith,  F.  E.     Handbook  of  General  Instruction  for  Mechanics     .  iimo,  i  eo 
Smith,  O.  C.    Trinitrotoluenes  and  Mono-  and  Dinitrotolnenes,  Their 

Manufacture   and   Properties iimo,  3  00 

Smith,  H.  G.    Minerals  and  the  Microscope lamo,  3  00 

Smith,   J.   C.     Manufacture   of   Paint Svo,  '5  00 

Smith,  R.  H.    Principles  of  Machine  Work iimo  (/»  Press.) 

Advanced  Machine  Work lamo,  '3  00 

Smith,   W.     Chemistry   of   Hat   Manufacturing iimo,  '3  ;o 

Snell,  F.  D.    Colorimetric  Analysis nmo,  a  00 

Snow,  W.  G.,  and  Holan,  T.     Ventilation  of  Buildings i6mo,  o  t5 

Soddy,   P.     Radioactivity 8vo    (Reprinlinq.) 

Solomon,  M.     Electric  Lamps Svo,  »  00 
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Somerscalet,  A.  H,     Hectunici  for  Haritie  Engineers tamoi 

Hechaniccl  and  Marine  EagiiieeriDg  Science 8to,    ' 

Sotbem,  J.  W.    The  Haiine  Steam  Turbine Bvo, 

Verbal  Notet  and  Sketches  for  Haiine  Engineers 8vo, 

Marine  Engine  Indicator  Cards Svo, 

Oil  Fuel  Burning  in  Marine  Practice 8vo, 

and  Sothern,  R.  M.     Simple  Froblema  in  Marine  Engineering 

Design   iimo. 

Engineering  Design  nimo, 

SoDster,  E.  O.  W.    Design  of  Factory  and  Industrial  Buildings. .  Svu, 

Soutlicombe,  J.  E.     Chemistry  of  tbe  Oil  Industries Svo, 

Sozhlet,  D.  H.     Dyeing  and  Staining  Marble Bto, 

Spangenburg,  L.     Fatigue  of   Metals i6mo, 

Spencer,  A.  S.    Design  of  Steel-Fiamed  Sheds Svo, 

Spiegel,  L.    Chemical  Constitution  and  Physiological  Action izmo, 

Sprague,  E.  fi.    Elements  of  Graphic  Statics Svo, 

Elementary  Mathematics  for  Engineers iimo, 

Hydraulics  iimo, 

Moving  Loads  by  Influence  Lines  and  Other  Methods iimo, 

Stability    of    Arches :;imo, 

^Stability   of   Masonry nmo, 

Strength  of  Structural  Elements timo, 

Stahl,  A.  W.,  and  Woods,  A.  T.    Elementary  Mechanism umo, 

Standage,  H.  C.    Leather  workers'  Manual Svo, 

Sealing  Waxes,  Wafers,  and  Other  Adhesives Sto, 

Agglutinants  of  All  Kinds  for  All   Purposes iimo, 

Stanley,  H.    Practical  Applied  Physics (In  l^ress.) 

Stanabie,  J.  H.    Iron  and  Steel Svo, 

Steadman,  F.  H.     Unit  Photography lamo, 

Stecher,  G.  E.    Cork.    Its  Origin  and  Industrial  Dses tsmo, 

Steinhcil,  A.,  and  Voit,  E.     Applied  Optics.    Vols.  I.  and  II.     Svo, 

Each, 

Two   Volumes    Set, 

Steinmait,  D.  B.    Suspension  Bridges  and  Cantilevers.     (Science  Series 

No.  :i7.)   

Melan's  Steel  Arches  and  Suspension  Bridges Svo,    ' 

Stevens,  A.  B.    Arithmetric  of  Pharmacy lamo, 

Stevens,  E.  J.     Field  Telephones  and  Telegraphs 

Stevens,  H.  P.     Paper  Mill  Chemist i6mo, 

Stevens,  J.   S.     Theory   of  Measurements izmo,    ' 

Stevenson,  J.  L,    BIsst-Furnace  Calculations iimo,  leather, 

Stewart,  G.    Modern   Steam   Traps iimo,     ' 

Stiles,  A.    Tables  for  Field  Engineers i2rao, 

Stodola,  A.     Steam  Turbines Svo, 

Stone,  E.  W.    Elements  of  Radiotelegrapby timo,  fabrikoid. 

Stone,   H.     The   Timbers   of   Commerce Gvo, 

Stope«,  M.    The  Study  of  Plant  Life Svo, 

Sudborough,  J.  J.,  and  James,  T.  C.  Practical  Organic  Chemistry,  izmo, 

Suffling,   E.   S.     Treatise   on   the   Art   of  Glass   Painting Svo,     ' 

Sullivan,  T.  V.,  and  Underwood,  N.    Testing  and  Valuation  of  Build- 
ing and  Engineering  Materials (/n  Press.) 

Svenson,  C.  L.     Handbook  on  Piping Svo, 

. Essentials  of  Drafting 8to, 

Machine  Drawing  Sru, 

Swan,  K.    Patents,  Designs  and  Trade  Harks Svo, 
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Swinbnme,  J.,  Wordin^im,  C  H.,  «nd  MtorMn,  T.  C.    Btoctfic  Cnmits. 

lUW,  o  75 

Swoope,  C.  W.    Leuona  in  Piutictl  ElMtridty xamo,  a  50 

Tsilfer,  L.     Bluching  Linen  and  Cotton  Tun  and  Fabtlei 8T0,  7  00 

Tayloi,  F.  If.     Small  Water  Snppliei lamo,  300 

Masonry  in  Civil  Engioeeriag , g»o,  *a  50 

Taylor  H.  5.     Fuel  Production  and  Utiliiation sro,  3  so 

Taylor,  W.  T.     Calculation  of  Electrical  Condoctora 4to,  1  oo 

Electric  Pover  Conductors  and  CaUea 8vo  (/»  Press.) 

Tem^eton,  W.    Practical  Mechanic's  Woriubop  Companion. 

lamo,  morocco,  a  00 

Tenney,  E.  H.    Test  Metbods  for  Steam  Power  Plants,  .laatlwr,  ismo,  3  00 

Terry,  H.  L.    India  Bobber  and  ita  Manufacture 8vo,  3  oo 

Thayer,  H.  R.    Structural  Design.    8to. 

Vol.     I.    Elemeuts  of  Stmctnrsl  Design 350 

Tol.  II.     Design  of  Simple  Structures 4  $0 

Vol.  in.    Design  of  Advanced  Structures (7n  Preparation.) 

Foundations  and  Masonry (/n  Preparation.) 

TUess,  J.  B.,  and  Joy,  G.  A.    ToU  Telephone  Practice Sro,  *3  50 

Thorn,  C,  and  Jones,  W.  H.    Telegraphic  Connections oblong,  lamo,  i  50 

Thomas,  C.  W,    Paper-makers'  Handbook (In  Ptms.) 

Thomas,  J.   B.     Strength   of  Sbipi Bvo,  1  50 

The  Powering  of  Ships 8to,  10  00 

Thomas,  RobL  G.     Applied  Calculus tamo,  300 

Thompson,  A.  B.    Oil  Fields  of  Russia 4ta,  10  00 

Oil    Field  Development Bvo,  15  00 

Thompson,  W.  P.    Handbook  of  Patent  Law  of  AH  Countries rtimo,  1  00 

Thomson,  O.    Modem  Sanitary  Enfineering iimo,  *3  oo 

Thomson,   0.   S.     Milk   and   Cream   Testing lamo,  *i  ij 

Modem  Sanitary  Engineering,  House  Drainage,  etc 8to,  '3  00 

Thomssen,  E.  G.    Soap-Making  Uanoal tamo,  4  00 

Thomley,  T.     Cotton  Combing  Machines Svo,  *3  sp 

—  Cotton  Waste  8vo,  6  oo 

Cotton  Spinning.    In  three  vclnmes. 

Tol.  1.     Elementary  Cotton  Spinning 8vo,  5  00 

Vol.  II.    Second  Year 8vo,  3  So 

Vol.  in.    Third  Year 8»o,  2  so 

Thurso,  J.  W.     Modem  Turbine  Practice 8to,  *4  00 

Thurston,  A.    Pharmaceutical  and  Food  Analysis (/n  Press.) 

Tidy,  C.  Meymott.     Treatment  of  Sewage ifimo,  o  75 

Tilmans,  J.    Water  Purification  and  Sewage  Disposal 8to,  3  50 

Tinkler,  C-  K.,  and  Masters,  H.     Applied  Chemistry 8vo,  4  50 

Tinney,  W.  H.    Gold-mining  Hacbinery Sto,  '3  00 

Titherley,  A.  W.    Laboratory  Course  of  Organic  Chemistry 8to,  a  50 

Tizard,  H.  T.    Indicators {/«  Prfss.) 

Toeh,  M.    Chemistry  and  Technology  of  Paints 8vo,  4  jo 

Materials  for  Permanent  Painting lamo,  a  50 

Tod,  J.,  and  McGibbon,  W.  C.     Marine  Engineers'  Board  of  Trade 

Examinations    Bro,  *j  00 

Todd,  J.,  and  Whall,  W.  B.    Practical  Seamanship Bvo,  g  00 

Townsend,  P.    Altenuting  Current  Engineering Svo,  boards,  *o  7S 
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Towoecnd,  J.  S.    lonisatios  of  Guai  by  Collision Sro,  *i  as 

Ikiimctloiu  of  die  American  Institote  of  Chemical  EngiitMra,    Sro.  ' 

Vol.  I.  to  XI.,  1908-1918 8to,  eacb,  6  00 

Vol.  XU,   1919.     Two  Parta Eacli,  5  00 

Vol.   XIIL     Parti,    igao 600 

Travcise  Tablea    i6ino,  o  7S 

Treiber,  E.     Fonndiy  HacMnery iimo,  *  00 

Trinks,  W.    Governors  and  Gorerning  of  Prime  Movers 8vo,  3  50 

Trinka,  W.,  and  Housmn,  C.     Shaft  Govemort ifiino,  o  75 

Trivelli,   A.   P.   H^  and   Sheppard,  S.   E.     Silver  Bromide  Grain   of 

Photographic  Emulsions   8t0,  a  50 

Tiowbddge,   W.    P.     Turbine    Wheels i6mo,  075 

Tucker,  J.  H.    A  Manual  of  Sugar  Analysio   8vo,  3  50 

Tamer,  H.    Worsted  Spinners'  Handbook iimo,  *3  00 

Turrill,  S.  M.    Elementary  Course  in  Perspective ...  .    lamo,  *i  15 

Twyford,  H.  B.     Purchasing 8V0,  4  00 

——Storing,  Its  Economic  Aspects  and  Proper  Methods tvo,  3  50 

UndertiiU,  C.  R.    Solenoids,  Electromagnets  and  Electromacnetic  Wind- 
ings     lamo,  3  00 

Underwood,   N.,  and  Sullivan,  T.  V.-    Chemistry  and   Technology  of 

Printing  Inks    Bvo,  4  00 

Ilrqufaart,  J.  W.    Electro-plating iimo,  3  00 

— —  Electrotyping iimo,  a  00 

Usbome,  P.  O.  G.    Design  of  Simple  Steel  Bridges Bvo,  *4  00 

Vacher,  F.    Food  Inspector's  Handbook iimo,  4  00 

Van  Hontrand'a  Chemical  Annual.    Fifth  Issoe,  r^ii.  .fabrikoid,  tamo, 

(/b  Press.) 

Van  Wagenen,  T.  F.    Manual  of  Hydraulic  Mining i6mo,  i  00 

Vega,  Baron  Von.     Logarithmic  Tables 8vo,  a  50 

Vincent,  C.    Ammonia  and  its  Componnds.  Trana.  by  M.  J.  Salter. 8vo,  'a  jo 

Virgin,  B.  Z.    Mine  Management lamo,  3  00 

Volk,  C.     Haulage  and  Winding  Appliances Svo,  *4  00 

Von  Georgievics,  G.    Chemical  Technology  of  Textile  Fibres Svo,  7  00 

—  A   Text   Book  of  Dye  Chemistry Svo,  n  00 

Vose,  G.  L.    Graphic  Method  for  Salving  Certain  Questloiis  in  Arithmetic 

and  Algebra   i6mo,  o  75 

Vosmaer,  A.    Oione Svo,  *a  50 

Wabner,  R.     Ventilation  in  Mines Svo,  5  00 

Wadmore,  J.  H.    Elementary  Chemical  Theory izmo,  i  50 

Wagner,   E.     Preserving   Fruits,   Vegetables,   and   Heat iimo,  '150 

Warner,  H.  E.,  and  Edwards,  H.  W.     Railway  Engineering  Estimates. 

(In  Press.) 

Wagner,  J.  B.     Seasoning  of  Wood Svo,  4  00 

Walker,  F.     Dynamo  Building i6mo,  o  75 

Walker,  J.     Organic  Chemistry  for  Students  of  Medicine Svo,  400 

Walker,  S.  F.    Cold-storage,  Heating  and  Ventilating  on  Board  Ship,, 

fabrikeid,  lamo,  i  50 

Electricity  in  Mining Svo,  '4  JO 

Electric   Wiring   and   Pitting Svo,  350 

Wallace,  J.    Design  of  Aeroplane  Engines Bvo,  6  00 
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WalliB-Tayler,  A.  J.    BcAiingi  and  Lnbiicatioii 8td  (.Reprinting.) 

Aerial  or  Wire  Bopewaya. . . . , ■■. 8»o, 

Preaervation  of  Wood 8»i>, 

——Refrigeration,  Cold  Storage  and  Ice  Making 8to, 

Sugar    Uacbinery.  , lamo, 

Walsh,  J.  J.    Chemistry  and  Pbysics  of  Mining  and  Mine  Ventilation, 

Wanklyn,  J.  A.    Water  Analysis 

Wansbrough,  W.  D.    The  A  B  C  of  the  Difleicntial  Calniltu. . 

—  Slide  Val«s ■. 

Waring,  Jr.,  0.  E.    Sanitary  ConditioDS iftno, 

Sewerage  and  Land  Drainage 

Modem  Methods  of  Sewage  Diapoaal 

How  to  Drain  a  Honaa 

Wames,  A.  R.    Coal  Tar  Distillation Svo) 

Warren,  F.  D.    Handbook  on  Reinforced  Concrete nmo, 

Watkins,  A.     Photography 8vo, 

Watkins,  0.  P.    Electrical  Rat«> 8vo, 

Watson,  E.  P.    Small  Enginos  and  Boilers 

Watt,  A.    Electro-plating  and  Electro-refining  of  Metals 8vo, 

Electro  -  meta  1 1  urgy lamo, 

Paper- Making 8to, 

Leather  Manufacture   8vo, 

The  Art  of  Soap  Making.. 8vo, 

Electro- Plating    

Webb,  H.  L.  Guide  to  the  Testing  of  Insulated  Wires  and  Cables. : 
Wegmann,    Edward.      Conveyance    and    Distribution    of    Water    for 

Water  Supply Bvo, 

Weisbach,  J,     A  Manual  of  Theoretical  Mechanics Svo, 

and  Hermann,  G.    Mechanics  of  Air  Machinery Svo, 

Wells,   M.   B.     Steel    Bridge   Designing 8vo, 

Wells,  Robt.     Ornamental  Confectionery 

Weston,  E.  B.     Lobs  of  Head  Due  to  Friction  of  Water  in  Pipes, 

Wheeler,  S.  G.     Entropy  as  a  Tangible  Conception 

Whipple,  S.    Elementary  and  Practical  Treatise  on  Bridge  Building. Bvo, 

White,  C.  H.    Methods  of  Metallurgical  Analysis tsmo, 

White,  G.  F.     Qualitative  Chemical  Analysis 

White,  G.  T,    Toothed  Gearing  

White,  H.  J.     Oil  Tank  Steamers 

Whiteford.  J.  F.    Factory  Management  Wastes 

Whitehead,  S.  E.     Benzol 

Whitelaw,  John.     Surveying. Bvo, 

Whittaker,  C.  M.    The  Application  of  the  Coal  Tar  Dyestu&s. 

Testing  of  Dyestufia  in  the  Laboratory 8vo, 

Widmer,  E.  J.    Military  Balloons 

Wilda,  H.    Steam  Turbines 

Cranes  and   Hoists 

Wilkinson,  H.  D.     Submarine  Cable  Laying  and  Repairing.. 

(Reprinting.) 

Williamson,  J.     Survaying Bvo, 

Williamson,  R.  S.    Practical  Tables  in  Meteorology  and  Hypsometry, 
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Wilson,  F.  J,  and  Heilbion,  L  H.    Chemical  Theory  and  Calculations. 

Wilson,  J.  F,    Essentials  of  Electrics^  Engineering 8vo, 

Wimperis,  H.  E.    Internal  CombustioD  f-ngice Svo, 

^Application  of   Power  to  Boad  Transport timo,     * 

Primer   of    Internal   Combustion    Engine iimo, 

A  Primer  of  Air  Havig3t^i:n lanio, 

WiocheU,  H.  H,  and  f..  H.     tiementj  of  Optical  Hineralogy 8to,    ■ 

Wisser,  Lieut.  J.  P.     Modern  Gun  Cotton lemo, 

Wolff,  C.   E.     Modern  Locomotive  Practice 8Vo,    * 

Wood,  J,   K,     Cbemistiy   of   Dyeing izmo, 

Woodall,  H.,  and  Parkinson,  B.  R.    Distiibntion  of  Gas  and  Water  by 

Steel  Pipes 8vo, 

Worden,   E.   C.      The    Nitrocellulose   Industry.      Two   Volumes 8to,     i 

'  —  Technology  of  Cellulose  Esters.    In  ten  -volumes.    Svo. 

Vol.  I.  five  Parts.  Cellulose.  Starch.  Cotton.  Nitric  Acid. 
Sulfuric  Acid.  Mixed  Acids.  Nitrocellulose.  Theory  and 
Practice.    Historical.    Development.    Cellulose  Esters.    Patent 

Name  and  Subject  Indices Svo,    i 

Vol.  Vm.    Cellulose  Acetate • 

Vols.   II   to  VII,  IX,  X Uii   PrcfaralUm.  1 

Wormald,  T.    The  Blacksmith's  Pocket  Book iimo. 

Wren,  H.     Orga  no  metal  lie  Compounds  of  Zinc  and  Magnesium. -tamo, 

Wright,  A,  C.     Analysis  of  Oils  and  Allied  Substances 8ro,    * 

Simple  Metliod  for  Testing  Painters'  Materials Svo, 

Wright,  J.    Testing,  Fault  Finding,  etc.,  for  Wiremen i6mo, 

Wright,  T.  W.     Elements  of  Mechanics Svo, 

and  Hayford,  J.  F.    Adjustment  of  Observations 8vo, 

Wynne,  W.  E.,  and  Spraragen,  W.     Handbook  of  Engineering  Mathe- 
matics    nnio,  fabrikoid, 

Yoder,  J.  H.,  and  Wharen,  G.  B.     Locomotive  Valves  and  Valve  Gears, 

Young,  J.  E.    Electrical  Testing  for  Telegraph  Engineers Svo,    " 

Young,   R.   B.     The   Banket Svo, 

YoungEon,    Slide  Valves  and  Valve  Gearing Svo, 

Zeuner,  A.    Technical  Thermodynamic:.    Two  Volumes Svo, 

dimmer,  G.  F.     Mechanical  Handling  and  Storing  of  Materials.  ..4(0, 

{Rct-riniing.) 
—  Mechanical    Tiandling   of   Material   and   Its   National    Importance 

During  and  After  the  War ^to, 

Iip;er.  J.     Textile  Raw  Materials Svo, 

"u;  Nedden,  F.    Engineering  Workshop  Machines  and  Processes.  .Svo, 
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